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PREFACE 

This present addition to the “ Recent Advances ” Series 
is intended to cover only a limited aspect of the subject. For 
example, neither the cytological nor the genetieal side of botany 
has been included to any marked extent, as both these branches 
will be treated by other authors in future volumes. 

The main difficulty that almost inyariably confronts an author 
of a text of this description is what subject-matter shall or shall 
not be included. It is hoped that a reasonably comprehensive 
survey has been made of the selected portions of botany treated 
here and that no really important paper has been missed. 

I should like to take this opportunity of thanking numerous 
friends for their very helpful advice and useful criticisms, more 
especially do I owe a great debt to Dr. S. Williams, Professor 
J. Walton, Dr. J. W. Gregor and Dr. Elsie Cadmaii. I am 
grateful to Miss Jockel of the Royal Botanic Garden, Edinburgh, 
for reading the whole of the proofs. I should also like to take 
this opportunity of expressing my gratitude to Messrs. J. and A. 
Churchill, who; have been ever ready to place their advice and 
experience at my disposal. ' ; V. 

E. BARTON-WEIGHT. 

CORSTORPHINE, 

Edinburgh. 
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RECENT ADVANCES 
IN BOTANY 

CHAPTER I 

SOME THEORIES REGARDING PLANT STRUCTURE 

Size and Form in Plants — Phyllode Theory of Monocotyledonous 
heaj—Cotyledon — Carpel Polymorphism,. 

The more recent trends in botanical advances have been in 
the direction of physiology, rather than morphology, and there 
has been a considerable dearth of morphological contributions 
within recent years, using the term “ morphology ” in the restricted 
sense. There are, however, three morphological studies that 
require consideration here. The first of these is the so-called 
“ size-factor ” in plants, which has been brought into prominence 
by Professor F. O. Bower, under the title “ Size and Form in 
Plants.” 

Size and Form in Plants 

It has been pointed out that plants, unlike animals, are storers 
of material, and are not appreciable expenders ; and also, unlike 
animals, they are capable of indefinite extension in growth with 
the continual formation of new organs. For example, in a fern 
sporeling of primitive type there is continual apical growth and 
a succession of fresh leaves are formed, each larger than the last, 
and these are borne on a cone of which the tip forms the organic 
foundation for gradual upward expansion. The result is a body 
of unstable form from the purely mechanical standpoint, and 
requires reinforcements such as strut roots ; a similar state of 
affairs is to be found in many Palms, and also in the screw-pine, 
Pandanus. OtiQ line of escape from this condition has been 
utilised in many groups, namely, cambial activity leading to 
secondary thickening. An obconical cone, such as has been 

' ; R'dA.BOT* ■ ' ■^i-- 



2 SOME THEORIES REGARDING PLANT STRUCTURE 

described above for a primitive fern or for Palms .. 

n.»W the physio, o,J fp^t * 

the physiological needs of the upwardly growing shoot h-,.’- t 
be „.t by a n* of teadjns Jenb, hf tL inS™ “e*;: 

Mathematically, with increase in size, the strength of a stnut 
mcreases as the square of the linear dimensimis 
mass increases as the cube (Principle of Similaritvy In • r ' 
objects, with further enlargement of fonn provided t'b 
alteration in shape, the sukce increarks the^^^^^^ 
volume as the cube of the linear drensfons l^tT 
principle of similarity has been extensively « i- ‘ * ’°”Sh this 
it has received butLnt hSn^^^ 

Physiological interchange in plants is conrfuet^Ti-f ^ot^nists. 
surfaces, both external Ld internal and h m ! I 
in cases in which the surfai is f " 

bc^ proportional to. the area of surface^rolvT’tuf 

lineartaiol,''^^^^ f ^ square 0 "": 

ratio of surface to 

increased morphological ctmplexhv nietficieiicy. 

fluting or corrugation, wJuld tend te as 

8iv. . widef IrZT T 

proportion between bulk and surface' ^ 

The plant body is a structure of f^;ff • 

and on this account requires a lair*^*" construction, 

between the dead elements (xylem) and th ""r ’'"t^’'vi>ange ; 
collective surface exposed between + -1 f 
tissue will therefore be of importancr T living 

found among the recently discoverer! D ' 

of Rhynie-the Psilophytales “ tbe Chert 

Gmjnne-Vaughani, Homea ZignmTand 4 s/ 

form a senes in which R. Gmunne Vmmh diackiei, • 

smallest and A. Mackiei the fargesf S? Tl ' 

intermediate position. In R %J,y 'J holds an 

system consist; of a simple Slid 

annular tracheids, with no distLctim^t''^ composed of 




Fig. 1. — Psilotum triquetrum. Series of secftions taken from base of 
rhizome into stout aerial stem of same plant. (1-4). Small stele 
of rhizome. (5). Stele with stellate structure. (6-9). Formation 
of excentric pith. (10). Large stele from aerial stem. (11), Sec- 
tion taken from thickest part of stem, diameter of stele decreas- 
ing. Xylem shown in black, sclerotic tissue stippled, broken 
boundary line indicates inner limit of endodermis. (After 
WeiTdlsLW, Proe. Roy. Soc. Edin.) 

in which the vascular system is similarly constituted, again with 
no differentiation between proto- and metaxylem, the diameter 
of the xylem is somewhat larger, 0-30 mm., whereas in A. Maekiei, 
the largest of these forms (with the exception of the rhizome), 
the xylem is stellate in structure, and has a diameter of 2-0 mm. 
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In a still larger species of Asteroxylon (A. elber/ildense) the diamet 

St ll^t ^^ere is a further elaboration of th 

stellate structure together with the formation of a certain 

evr u“ is approxima'iT 

construction. The sculpturing of such a solidl ^ 

h^ the effect of increasing the surface of dead tissue exDo^Vf 

the hvmg cells surrounding it. sue exposed to 

Dr. Claude Wardlaw has recentlv i 

observations on a single rhizome oiPsilotum from the steSp^f 
of size and form 'He fnllr>wp,t +T, i • ® si^ndpoint 

I««e <.pw»*, „d shoJSX? a 

West earemity, b„, „itl, f' 

Simple xyhc core increases in transverse section 

tuore elaborate in appearancp /Fio’ ^ tificotnes 

tion and tie fonnatto of a nih?' disiitesre. 

-- to f„n„, ae^nenoea i. ptopoe^on’Cren tl'^XS ' 


Table T 


Number Diameter 
of of Stele 
oeotion. in mm.- 


Ratio of 
Bulk to 
Surface. 


IV. 

Ratio of 
Bulk to 
Surface in , 
Equivalent i 
Cylinder, i 


Remarks. 


1 / 9-26 

1 / 7-31 

1 / 5-90 

1 / 5-40 

1 / 5-29 

1 / 3-64 

1 / 8-12 

1 / 3-20 

1 / 3-12 

1/300 


1 / 6-82 

1 / 4-91 

1 / 4-15 

1 / 1-88 

1 / 1-70 

1 / 1-08 

1 / 0-97 

1 / 0-91 

1 / 0-87 

1 / 0-81 


Protostele, xylem solid. 

I Protostele, xylem solid. 

I Xylem solid. 

I Wiid, Siightiy fluted. 

Nyiem irreguiariy steiiate. 
Xyiem irreguiariy steiiate, 

:toeguiar exeentric pith. 

pith steiiate. 
feeguiar pith, partiy seierotic. 
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surface of dead tracheal tissue actually abutting upon living 
cells or the surface of presentation. These values are given in 
Table!. 

It is evident from column III, of Table I. that the ratio of 
bulk to surface progressively decreases as the size increases. 


Fig. 2 . — Lycopodium scariosum, var. Jussiaei, (1). Stele^of sporeling. 

(2). Section from a fine distal branch. (3-7), Sections from 
branches of different thickness. (After Wardlaw, Proc, Roy, 

Soc, Edin,) 

Golumn IV., however, shows like ratios for successive sections, 
on the assumption that the form of the xylem as a whole is that 
of a simple cylinder throughout, instead of increasing in com- 
plexity of outline. Here proportional diminution in ratio is 
1 /7th instead of approximately l/3rd found in column III. 

It will be seen that the decrease in the ratio from the simplest 
stele with a solid core of xylem to the larger and more 
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disintegrated structure is of such a nature as to maintain a higher 
proportion of surface to bulk than would be possible on the 
supposition that the xylem maintained a cylindrical structure 
throughout. There is also the added physiological advantage 
that the increasmg complexity of form gives over mere enlargt 
m^t of the original structure, that must be taken into account 
TheLycopodiales, both living and fossil, also furnish interesting 
examples of size and form. Only a few cases can be given here^ 
and for the arguments advanced in the case of the fossil members 
ot this order, the original memoir should be consulted. In 
Lycopodium itself the stele retains its cylindrical shape, and all 
increases m size are mtra-stelar in nature. Wardlaw has traced 
the mcrease m the complexity of the xylem with increase in the 
size o the stele. In all the species examined there was evidence 
of branchmg of the protoxylem groups, and a progressive increase 
1 the phloem and living parenchymatous tissue inwards, so that 

“ f broken up into 

^ 1 ra e tracts, although at the same time there is upward and 
doTOward continuity between them. In creeping forms, suck 

the xylem 

of the conXr: 

star 2? Sr ^ appeared as a four-rayed 

nart ■ i ^ere not all taken from the same 

part of the plant, but from different portions. With increase 
m size there is sculpturing of the stele, and in transverse section 

Table II I 


L. scariosum 


Number 

of 

Section. 

Diameter of 
Digure in mm. 

Number of 
Protoxylem 
Groups. 

3 

19 

6 

4 

26 


5 

38 

11 

6 j 

66 

19 

■ 7'- ; 

88 

22 
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each gives the appearance of a detached 
plate, but these are connected both in 
the upward and also in the downward 
i direction. Such a system tends to pre- 

> serve a high proportion of collective sur- 

face to be presented to the living tissue 
I by the bulk of the xylem as a whole (see 
I Table IL). 

So far, the examples cited have all been 
microphyllous forms. The Filicales present 
a somewhat more difficult problem, inas- 
much as they are megaphyllous, and as 
the leaf increases in size it is subject to 
the same requirements as the stem that 
bears it. Since the leaf is of relatively 
r large size, it meets this need by structural 
changes of the same order as the stem, 
although they may not be the same in 
details. For examples furnished by the 
more primitive Ferns, e.g., Coenopteri- 
dacese, Ophioglossacese, Marattiacese and 
^ Osmundaceae, see Bower, p. 71 {loc. cit). 

The so-called Leptosporangiate ferns show 
j the highest plasticity of the primary stele, 

I and the continuity of the endodermal 

I sheath with consequent enclosure of the 
I conducting tracts is apparently a matter 
of importance from the physiological stand- 
point. The main problem confronting such 
forms has been to secure an elaboration of 
stele without disruption of endodermal con- 
tinuity. The weakest points of such a 
system, and where possible leakage might 
occur, would be at the departure of the 
leaf traces and at the place of conversion 
. from the solenoxylic to the solenostelic con- 
dition. In such forms, after a period of 



Fig. 3 . — Plan of the stelar 
construction of a young 
plant of Gleichenia pecti- 
nata. It shows in 
median section the way 
in which the stele en- 
larges conically ixp- 
wards and widens into 
a solenosteie with leaf- 
gaps. (After McL. 
Thompson. From 
Bower, Size and Form 
in Plants,) 



[ 




8 SOME theories REGARDING PLANT structure 

development with increase in amount of pith, internal phloem 
makes its appearance in the sporeling, and with yet further 
increase m size the solenostelic condition is established. A series 
of axillary pockets are now formed, each deeper than the last hv 
mvolutiop of the endodermis, and finally the endodermis is con^ 
inued right across the pith, and an intra-stelar region is cut off 
^ a ove and below (Fig, 3). Thus the central tract of pith 
becomes physiologically extra-stelar, although in ontogeny the 

portion below was intra-stelar. ‘‘The s 

opportunist in character rather than conformable to morphological 
^ change allows of a common ventilation-system 

olumn, which though geographically intra-stelar is now physio 
logically extra-stelar. At the same time it doubles the See 
of presentation to the yentilated parenchyma. Once solenostelv 

nolv^^T to dictyostely and 

polycycly help m the extension of surface. In the leaf meristele^ f 

^ ^si^undacese, for example, show tlie leaf trace 

at Its first inception as an oval mass, which later becomes horse 
hoe shaped. Further morphological changes in othe types 

leaf trace leads to the incurving of broken ends. “ ^ 

IivSg1iss?i’'lr;n 'f " by ' 

living tissue, and m transverse section livimr and d^^ad > 

oTtlT This “ vitSatio^^^^ 5 

primitive nroStT I gradually realised from the 

Lh Is medulk? different means, ■ 

b«en .ble to foIW thi to a°S“ f 

Dicotyledoo. ’“L" « ' 

f thto cse, found . todency to ptofrlt alStT*' 

between surface and bulk. Preserve a suitable proportion 

The Prmeiple of Similarity is not confined to i • i, 7 

but ran also bo applied to simpler foms,,.p AIM tothe’c”''' » 

aim, tor Otomple, the ol*prpb,s,a s,o; a torvarSy-tf ' 
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and modification. Bower has calculated the ratio of the diameter 
of the chloroplast in the Desmid Closierium to the number of 
flanges (Table III.), from which it can be seen that their number 
shows a relation to size, A fair level of uniformity appears in 
the lower terms of the series, but there is a marked rise in the value 
of the last member, which is an out-size. 


Table III 


Name. 

Mean Diameter 
in mm. ( x 810) 

Number of 
Flanges. 

Eatio of 
Diameter to 
Number of 
Flanges. 

Cl. Diance . . 

10 

6 

1-6 

CL juncidium . 

12 

T 

1-7 

CL angustatum 

20 

10 

2-0 

CL striolatum . 

23 

13 

1*8 

Cl. Lunula 

53 

15 

3*5 


In the higher plants, as well as in other families of the Green 
Algae, such as the Siphonaceas, Ulvaceaeand Gharaceae, the chloro- 
plasts are small, but nevertheless due proportion is observed 
between surface and bulk, since they are discoid in shape, and 
on this account are able to maintain a large area of surface for 
exposui'e to light during photosynthesis. 

It will be seen from the few examples cited here that the size- 
factor is of importance to plants. If the growth of an organism 
were to result in mere magnification of the juvenile condition, 
it would become both morphologically and physiologically 
inefficient. Continued readjustment and amendment of the 
original scheme of structure is necessary throughout the growing 
stages to meet the fresh demands that continually follow increasing 
size, and this can be traced in group after group of vascular plants, 
and may even be applied to the lower forms in regard to certain 
of their organs. “ Morphoplasy,” or the study of plasticity of 
form of an enlarging organism, as this 'subject may alternatively 
be termed, should give an added impetus to further morphological 
studies and investigations. 
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Theory of the Monocotyledonous Leaf 

: the ILottyleZ is 

«yw.«0„. ,«,. M„„ rllX m 2 °f /■': ” 

fo™,d a good deal „f anatomia.r t 2v'“ '’Tf' 

original conception. <^^oni of this 

Dicotyledons and Monocotyledons are 
many exceptions, fairly easily distil ’-.i a '''Wi 

external appearance. The outward general 

on the appearance of the lelyefard^^^^^ 

In Monocotyledons the yeins are Jin growth, 

series, i.e., parallel yenation is exhiSed wf P^i’^ilel 

the yeins form a network. A parti™ In’ ? I>ieotyledons 

Jl.i=h .nakes its app,„a,.oa i„ fU.lv afl 'f ' 
dons IS a type of leaf in whieh o n “ t ttei family of Monocotyle- 
into a simple limb, which is trayerse^h passes distally 

V The situation is yery mZhZoTu ^ r 
but there is an approacTto t^ in Dicotyledons, 

those Dicotyledons in which so conditions in 

present. Such reduce? leayes liaye >1 ^^^^cs are - 

lamina is represented by a midrib For 

ehraOeatum and B. pavlinifoliurn narnn i ™ Eryngium i: 

IS present, but the lamina here is Z tbe leaves / 

rachis of a compound pinnate Wf Z I? ^ ; 

are found to occur on the lamina renres*^ marginal teeth that 
monocotyledonous leaves on the nt^ T* vestigial pinnules. ■ In 
for the presence of relced pinlf ^ 

structures were ever derived frJm™ these f 

It is unlikely on thic leaves, v |; 

^etemahesaiuit.b|e,„„p““;^' ‘ leaf of the •’ 

i" aoy c»e, soeh «. «..lo.2LS„ “ 

eomphctio™. A better "‘mecessary 

oaf-sheath bases-atid-petiolar nt. n° j found in certain 

to be found in Petdtea mlg^Hs (hifloJ °f these are 

^“^"oscence foliage), 

i ; ' i 
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helix (bud scales) and Oreomyrrhis linearis (foliage leaf). In 
0. linearis the leaf consists essentially of an elongated leaf-base, 
the remaining portion consisting of a minute hooded tip. Acacia 
also represents a Dicotyledon with a reduced type of leaf, and 
one in which the petioiar phyllode is the most important portion ; 
a similar state of affairs exists in Oxalis bupleurifolia and Clematis 
afoliata. 

has pointed out that among Mpnocotyledons are to be 
found certain leaves, which from their general appearance and ana- 
tomical structure suggest leaf stalks to a remarkable degree, and 
that their interpretation as petioiar phyllodes ‘‘becomes an easy 
and natural matter.” Triglochin maritimum^ and species of Allium 
with their cylindrical leaves are cases in point. For the Iridacese, 
which are possessed of iso-bilateral leaves, a whole series of 
parallels can be found among the phyllodes of Acacia, Thus, in 
Acacia uncinella and A, neurophylla, as in the Irids, the median 
bundle tends to insignificance, while the two principal lateral 
veins are pi’ominent and form a pseudo-midrib (Fig. 4). The 
iso-bilateral type of leaf is a feature among Monocotyledons, but 
is not found among Dicotyledons. For example, they are to be 
found among the orders Liliflorae, Farinosse, Helobieae and 
Microspermas. . 

Although the phyllode theory finds ready application to radial 
and ensiform types of leaf, it is somewhat more difficult to apply 
the theory to ribbon-like leaves with a single series of bundles. 
But in the Helobie^, in which ribbon-like leaves are of frequent 
occurrence, Arber has been able to trace the essential identity 
of solid petiole-like leaves with leaves of the ribbon-like type. 
For instance, in the genus Cymodocea (Potamogetonacese), 
nodosa possesses typical ribbon-like leaves, whereas in 
C. iscetifolia a radial structure is present, and C, manatorwm 
shows an intermediate condition. Similarly in the Juncaginacese, 
Triglochin maritimum has radial leaves, whereas T, procerum 
shows, well-developed ribbon limbs. 

In Asparagus (Liliacese) scale leaves are present which exhibit 
a tail or spine at the base, and these structures are downwardly 
directed. They are not of the nature of emergences, since tlicy 


i 

ill 




' far from fhf> 1 cut 

fkdons.) 

rS:s&-£. 

^ may on occasion h^ 
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still further reduction, as, for example, in HemerocalliSy in which 
the petiole is completely lost, there is also another trend in these 


organs which leads to further elaboration 
of the petiole. Examples of this latter 
trend in the evolution of the foliar organs 
of the Monocotyledons arc to be found 
among the Palmse and Iridaeeae. In two 
genera of the Palms, Cocos and Trachy- 
carpus^ if a series of sections be taken 
through the young plumular* leaves 
(Fig. 6), the sheathing base in each case 
is succeeded by a short petiolar region. 
A “ pseudo-lamina ” is developed by a 
series of invaginations which penetrate 
into the tissues between the bundles 
and result in the formation of a leaf 
rudiment. This fan-like body ultimately 
expands, and then, by a process of 
secondary splitting, the fan or feather- 
like leaf of the Palm is produced. On the 
phyllode interpretation this is not a true 
blade equivalent to the structure found 
among the Dicotyledons, but is merely the 
elaboration of the distal region of the 
petiole. The so-called “ ligule ” which 
occurs at the base of the blade of fan- 
palms is not a ligule at all, but merely 
the ventral surface of the proximal part 
of the petiole, under which the invagina- 
tions, which affect the more distal region, 
have, as it were, burrowed, so as to leave 
an overarching penthouse of tissue.” 
The dorsal scale which is a conspicuous 
feature in many Palms can be inter- 



Fig. 6 . — Cocos Eomanzoffi^ 
ana. A series of trans- 
verse sections from below 
upwards through a second 
foliage leaf of a seedling* 
(1). Sheath. (2). Petiole. 
(3-5). Stages in invagina- 
tion. (After Arber, Mono- 
cotyledons,) 


preted in the same way, while solid tips which are present in 



certain species {Phcenix dactylifer a) ave to be explained by the 
dying out of the invaginations before the extreme apex is reached. 




from adaxial floating plant. (B) l.eaf 

o ^ leaf limb, palisade tis^nl ct section 

* T^e I'”®” l*e upper surface ofTi ’7*? straight lines. 

The xylem is directed downwards ® ®to™a. 

^ = laenna. (After Arber. XntofSiT,.:!’; «bove. 

(pseudo-lamina). In the leaf i • 

veins are, as a general rule suBnltST ”*“ ™‘' r‘™iP 
'" "liicliUe xylem is orlmt.S m a '"”® ' "*■ 

the upper or adaxialiuHace Inthe'p"*. j”"'' *'“* '* r“‘”‘e < 

-*l««nmser„ls.anr‘:?:rrs:^^ 
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Invaginations are also to be found in t 

Crtfcm leaf, for example, arises from a solid petiole b^a' '^*1^ 

«nas support i„ tl.e Lure of 
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is directed in a downward direction. In Trianea bogoiensis, 
Karst, a small floating plant, which shows a good deal of spongy 
air tissue, foi'ming a cushion below the leaf blade (Fig. 7), the 
peculiar orientation of the strands can best be interpreted as 
due to its origin by flattening and expansion of a petiole of radial 
type in which the bundles towards the upper surface are inverted 
compared with those of the lower surface. Arber is in favour of 
explaining the more complex types of monocotyledonous leaf on 
the phynode theory. -The ^ has a number of 

attractive advantages, for it very readily explains parallel vena-|^ 
tion, and even the cordate leaves present in some Monocotyledons 7 
can be derived from a parallel- veined organ. 

The leaf structure of Juncus presents a number of difficulties 
for the complete acceptance of the phyliode theory. In 1890 
Buchenau concluded that the leaf structure in^the Juncacese 
can be derived from flat dorsiventral type of leaf which is found 
in Lumla, and also in some'species of Juncus, and he^ierived the 
cylindrical type by supposing that more or less complete suppres- 
sion of the upper surface had taken place.'^ It was also shown by 
Goebel, from his study of the junction of the limb and sheath of 
these leaves, that the radially symmetrical arrangement is derived 
from a dorsiventral structure by suppression of the adaxial 
surface.-^ Embryolog ical exa mii^ as well as the study of the 
early germination stages of the seedling in the Juncacea% also 
show that thelirst leaf, after the production of the cotyledon, is 
bifacial. ^ 

‘xidainson has made a study of twenty-three species of Juncus, 
and favours the older view, that the leaf structure in this family is 
derived from a dorsiventral form.* Even in the case of Juncus 
mariimius, in which the leaf is externally unifacial, the arrange- 
ment of the bundles is dorsiventral. The most complete degree 
of radial symmetry was found in J. effusus, where no structural 
indication could be found at all of orientation. This species has 
a large central pith region, and the origin of the radial symmet ry 
of the unifaciai lea£ from a bifa^cM^on^^^^^^^^ fpllowcci* 

In the seeffinig the first leaves are completely bifacial, and the 
subsequent leaves show a marked decrease in the development 
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COTYLEDON 


cotyledonary and plumular strands. If, on the other hand, the 
reverse procedure be adopted, it is found that bilateral symmetry 
is impressed upon the shoot-stele by the root. The so-called 
“ double bundle ” which is of common occurrence in the midribs 
of dicotyledonous seed-leaves is essentially the continuation 
upwards of the protoxylem of the root bundle separating two 
phloem strands. The vascular structure of Monocotyledons 
shows a greater amount of variation than is to be found among 
dicotyledonous plants, possibly due to the greater breadth of 
the sheathing cotyledonary base, which allows the entrance of 
niinor bundles from the root into the cotyledon, and at the 
same time leads to internodal abbreviation, and brings the 
primary strands of the primary root into more direct association 
with plumular traces. It is possible that the exceptions found 
among Monocotyledons to the rule that the cotyledonary strand 
is a continuation of the root bundle are due to the fact that many 
of the seedling roots of this class are either diarch or tetrach. In 
certain instances the cotyledon is supplied with the whole vascular 
system of the root, and gives the impression of dual symmetry of 
the organ. Thus in one type duality is due to the fact that the 
cotyledon receives a pair of bundles or a single dual bundle 
which represents the upward prolongation of one root-pole, 
whereas, in the second type, the cotyledon receives two bundles, 
pach of which represents half of the entire root-stele. Sargant, 
in her investigations, compared the seedling of Anemarrhena, in 
which two bundles pass up into a single cotyledon, with Anemar- 
r^4M-like Dicotyledons (e.g., Opuntia)y in which one of these 
bundles supplies each cotyledon, as an indication that the 
cotyledon of Anemarrhena represents the condition of two 
dicotyledonous seed-leaves which have fused together. If, 
however, the course of the bundles be traced in the upward 
direction, it can at once be seen that the cotyledon of Anemarrhena 
is a fully developed organ at a stage in which the plumule is in 
too embryonic a condition to receive strands from the primary 
root, so that all the bundles comprising the root-stele pass upwards 
into the sheathing cotyledon because there is nowhere else for them 
to go.'“^ 


I 
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been delimited, the one from the other. In these circumstances 
the syncarpous gynoecium formed in this manner may exhibit 
either axile, parietal, or, on occasion, free-central and even (but 
rarely) superficial placentation. 

On the pol^nnorphic view of carpel formation, several types of 
carpel are considered to have arisen in the course of evolution, 
accompanied by a redistribution and separation of carpellary 
functions. Saunders recognises three principal types of carpel : 
{a) Valve-type o r Hollow Carpel, This is thought to be the most 
primitive form, and retains as its tyj^ical feature a more or less 
leaf-like form. As a general rule a midrib is present externally, 
and reticulate venation is also present. If a style be developed, 
it is formed by an upward prolongation of the midrib, and bears 
a single stigma. S olid Carpel^ This is considered to have 
been .evolved from the valve-type desci'ibed above. In its most 
highly developed form it not only completely sepa^jates the 
radial surfaces of carpels on either side, but at the same time 
it may also show a further development by projecting into 
the ovary cavity, thereby bringing about so-called false parti- 
tion ” (c/. Cruciferse). In its most reduced forni it is composed „ 
merely of a fibro-vasciilar cord witli a few lateral veins connecting 
it with its neighbours.. Occasionally the solid carpel is associated ' 
with true valve-type o: carpels of the same'whprl (the majority 
of Cruciferae), or even with carpels- of a different whorl (four- 
valved Cruciferae and Prhnulaceae), and sometimes with the 
third type of carpel describeh.J^y Saunders, the so-called pseudo- 
valve type (j^ee below), as in Friiillaria Meleagris and the 
Orchidaceas. j c) Pseu do-valve ov Semi-Solid Carpel,^ This parti- 
cular type of carpel combines the features of both the valve- and 
solid-type mentioned above. In its external features it has 
the contour of the valve-type, but the placentai are displaced 
from the contact edges of the carpels and take up a position on 
either side of the centre line. The vascular strands are also 
differently arranged from the valve-type, and show a double 
central strand (midrib) from which connections run direct to the 
funicles, whilst other branches supply the ovary wall, Tjhe 
presence of this type of venation enables the semi-solid carp^tiT* 
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solid-type. When the^yncedum is entireljr composed' of tin 
gseudo-valve tj^e th'e Srpels may either be all fertile {Begonia 
or only half of them may bear ovules, and the remaining portion 
be sterile {e.g., FriUUaria Imperialis, L. Liliaceae and Hwmatoxylon 
campechianum, L. Caesalpiniese). 

Saunders visualises the phylogenetic history of the gynoecium 
as follows : In primitive forms, in which only valve carpels are 
to be found, the several members would at first be visible as a 
number of protuberances. '^The vascular bundles which are 
eventually destined to form midribs would become differentiated 
and curve outwards and upwards. Concurrently with this 
development there would be “ ballooning ” in an outward direction 
of the ground tissue on either side of a midrib, and this would 
lead to the formation of a loculus. With further expansion of 
the now hollow caipels, the gyncecium would show the apocarpous 
condition, depending on whether the carpels be 
s^eiently distant from one another to enable each to accomplish 
this development separately from its neighbours, or be differen- 
tiated at points so near togethsTtiia^thc development of the 
sides of adjacent carpels as separate entitled, could not take place. 
When the carpels are not sufficiently distant' from one another 
or are so near that the development of the sides of adjacent 
. If Prevented as discrete entities, radial nlates of ficcn/a 
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inwards. The development of the many-carpelled plurilocular 
ovary is thought to be brought about by the outward expansion 
of the centre of each carpeh bringing the sides with it at the same 
time. In cases in which a second whorl of carpels is retained, the 
two whorls may arise at a level so near together, that with further 
development they give the appearance of constituting a single 
whorl. » On e very definite trend in evolution is reduction in th e 
num ber of parts of an organ, as well as differentiation in fom n* 
Such reductioUj it may be supposed, first led, as far as the gynoecium 
of the flower is concerned, to the suppression of the second inner 
whorl of carpels, and this can be seen in the act of taking place 
iiifTriglochin palustre^ L. (Juncaginaceae) and Zanthorhiza apiifi^ia^ 
L’Herit (Ranunculacese), in which the inner whorl is becoming 
smaller and sterile.^ Once the stage of reduction of the inner 
whorl is reached, in which it is largely suppressed, or even wholly 
repressed, the outer whorl may also begin to lose individual 
members. 'Reduction, however, can also be brouglit about by 
other means, namely, by diminution in bulk, and polymorphism 
will again ensue. Thus in the valve carpel the lamina might 
disappear, and the midrib alone would be left, or even on occasion 
merely its vascular cord. If this consolidation took place in the 
outer whorl, it might conceivably act as a predisposing cause of 
the assumption of semi-solid or pseudo-valve form of carpel in 
the inner whorl, which j^erhaps, already on its way to assuming 
the soiid-form, would now have its evolutionary trend changed'’ 
in a new direc^^tion. There is also the possibility that the primitive 
valve carpel 'can be converted into the pseudo-valve form in- 
y of the steps described above, since in some species 
laria Imperialia) both whorls are composed of semi- 
udo-valvc carpels ■ 
ther class of cases riic members of "the 
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comp]^tI}r absent. Nes’ertheless, es^en in these circimistances, 
replu^i and style are similar in form to normal fruits, a further 
prooi| that they cannot be formed from the margins of two lateral 
car]:^|cls, since only one is present. 

I|r those Cruciferse in which the fruit is a silicula. the dehiscent 
sec.tion IS usuaUy subdivided into the two groups : latiseptce, 
v.ith a broad and angustiseptce with a narrow dissepiment. In 
|wo co^on Cruciferous plants witjuhis_^zp^^ruit, Lunaria 
^annua (Honesty) and Capsella Bursa-pastmis (Shepherd’s Purse), 
I the venation of the fruit shows that the median carpels in both 
f| cases are pseudo-valve in 


I nature (<?/. siliqua-type of 
4 fruit) with wide lateral expan- 
i- • sions, while the lateral f*arnp] 


• sions, while the lateral carpel 
pair have undergone a corre- 
sponding reduction. In L, 
unnua the fruit is extended in 
the niedian^,.p!lane, and conse- 
quently ^tfie replum is broad 
from back to front, and the 
sides of the fruit are also 
broad. At the time of matu- 
, rity the sides become detached 
from the replum-like true 
valves rn^he 


( 2 ) 

liursvi^pasuim. 
p ruit showing venati'in systems aris- 
i carpels (right and 

letfc) and from semi-solid carpet 
(centre) (2). «?? ??,«//. One 

of the tnut valves, showing main 

veins which are derived from three 
diifereiit carpels. (After Sauiidcrs. 

Anns, Bot,) 
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Iate!S *^rncf represent an individual 

iSon oT fe in ", a small undefined 
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compl^jMilffrom the viewpoint of carpel polymorphism G becomes 
repluirarely 3; carpels almost invariably alternative valve and 
proof rarely all valve or all solid. The minimum number of 
carpels is apparently three {Platystigma, Benth.) and t he gynoeciiim 
I^emingly composed entirely of valve carpels; the styles and 
sec^ 


, l^,--~EschschoUzia californica* Senii-diaj 

▼ tion, showing the order of disappearance 
earliest stage is shown in (6) and the 
Saunders, Anns, Bot) 

stigmas stand over the valves,. In .yie ^ 
Eschscholizia, Dendromecon and I/unn'emat 
valve is fo und. This struc^^'^lnpalate^^. 
carpel, but is composed nifmerous st 
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four-styled condition with two lateral and two median members 
is obtained (Fig. 10). Finally, the replum-styles also disappear 
and only the central style of each compound valve remains. (For 
a diagrammatic representation of this process see Fig. 11.) 

Monocotyledons. The Liliacese. supply a series of convenient 
examples for a discussion of the theory of carpel polymorphism 


^ members of the Liliaceae 

Fig. 12. — Ovanes/ iritillana Imperialis. (2). F, Mi 
section, (iwriana, (4). Litium Martagon, (Afi 
Tulipa Ges^ ' 

Anns. Botf 

/6tyledonous plants. G is (3) here 
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converted into mud by the solution of the silica it contains and 
, the fossil is left adhering to the balsam surface. 

(k) The wax is now cut away from the slide and any excess of 
balsam scraped off. The specimen is gently washed in water to 
remove acid and allowed to dry, after which it may be examined 
under a binocular microscope. 

If it be found that the important features of the fossil can be 
seen by reflected light and that the surface can be examined in 
relief, the transfer can be protected by constructing a small glass 
case over it by means of a cover-slip supported on strips of glass 
or other suitable material of the correct thickness. If, however, 
it be discovered that the specimen is translucent and that it can 
be examined by transmitted light,, the characters shown in 
surface relief being relatively unimportant, then it can be removed 
from the slide by dissolving away the Canada balsam in xylol, 
and th% specimen remains attached to the film of cellulose, which 
can be mounted in a xylol solution of balsam under a cover- 
- slip, in the same way as in the method shortly to be described 
below. 

When the balsam transfer method is applied for the isolation 
of large fragments of plant remains and for the preparation of 
cuticles, it is unnecessary to employ cellulose acetate, and the 
fragments are finally obtained by simply dissolving away the 
balsam in xylol. 

(ii.) Ashby’s CeUulose-Film Transfer Method. It is a ^ 

advantage when the fossil material exposed bn a rock consists of 
a ver}- thin film of organic material, or*is even composed of small 
fragments and separate particles spores), to examine the 
material by transmitted light and to have it in the form of a 
flat fllm. Ashby’s cellulose-film transfer method allows of this 
tr , . ,:\}one. 

"he surface to be transferred is treated with a solution of 
celh ose acetate in amyl alcohol. Other similar solutions can be 
used, the trade preparation “ necol,” or ar solution of celloidin. 

(6) T e surface is allowed to dry thoroughly and, if necessary, 
the al ove t -eatment is repeated in order to obtain a sufficiently/ 
strong 8lni. y/ 



(e) Ihe transfer is washed thoroughly in water. 

( / ) Dehydrated in 95 per cent, alcohol (absolnte alcohol must 
not be used). 

(g) Cleared in terpinol or piJ of bergamot (clove oil must not be 
used). 

{h) Mounted in Canada balsam, slight pressure being applied 
With a clip if necessary. 

The preparation must now be placed in a warm place until the 

balsam IS properly hardened off. 

Peel-Metoods of Preparing Sections of FossU Plants. Walton 
as well as Barnes and Duerden. have recently described methods 
, of preparing sections from petrified material bv using cellulose 
esters and gelatin. In his first deseription, Walton employed 
various cellulose esters to the petrified surface, but he ha^s now- 
abandoned these for gelatin. The Barnes and Duerden method 
• also depends on the use of cellulose esters, and will be described 
first, as It differs from Walton’s in several respects, 
the cellulose is dissolved away at the end of the process and the 
fiuKhed preparation is left as a balsam mount. 

The sihcified surface to be etched is first smoothed by rubbing 

a sW? carborundum powder on 

nowd ° preliminary smoothing a coarse 

(No. 90), and this is folded by a LIZ2 

\ knife powder. The 


■ with the etched fac, 


;e upwards 
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and covered witli sufficient absolute alcohol to form a layer over 
the flat surface, and then covered with a -solution of celluloid in 
equal parts of absolute alcohol and ethyl ether. Enough of the 
solution IS poured over the surface to form a layer of about 

2 mm. thick. It IS necessary at this stage that all bubbles should 
be removed, either by r ' ’ — 

ether or by wetting the skin with i 
the fumes of ether to spread over the surface, 

The film of celluloid dries i 
film, and is removed from the sur: 
sharp knife. The transfer is now 
with blotting-paper, .< - ■ - 

on a well-heated slide and quickly pressed 
clear that the transfer ' 


exposing the film to the fumes of ethyl 
— I absolute alcohol and then allowing 

in about two to three hours to a tough 
•face of the rock by means of a 
well washed in water, dried 
smeared with Meyer’s egg albumen, placed 
- * 1 down. When it is 

, , . ^'ttached to the slide, the whole is 

pkced m a mixture of equal parts of alcohol and ethyl ether 
The celluloid swells and dissolves, and when solution is complete 
the preparation is finished as a balsam mount in the usual way. ’ 
This method suffers from the defect that the- area of surface 
to be covered with the celluloid solution cannot, from the nature 

0 tie process, be very large, which is a material drawback in - 

cei 11 cases A gelatin peel-method recently described by' 
Walton (1928b, 1930) overcomes this difficulty .s/ ^ 

Alter the surface of the material has been cleaned and etched 

IS completely dry a hot solution of jelly containing a certain 
quantfly of glycerine and formalin is poured over it. The actual 
quanbties and proportions^hat are necessary have to b^dete" ' 
mined by experuneiit. To cover a surface of 1 sq. decimetre it is 

rhe surface must be surrounded before the etching ^procTss with 

1 rim of plasticene or some other substance, and should be levelled 
nth a spir t level. The water and glycerine are mi^ed! heatd 
,nd the jelly stirred until dissolved. The heating is continued 
m il the mixture is at a temperature of 60° C. to 80° C The 

the solution poured’imme- 
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to dry. When the jelly has become dry it may be peeled ofi. 
The peeling process is sometimes ratlier difficult, as the film o! 
gelatin is more brittle than a similar (»eliulose film. The gelatin ‘ 
peels may be cleared in xylol and mounted in Canada balsam. 

The preparations obtained in this way are remarkably clear s 
and show no detectable flaw. ^Valton has been able to prepare i 
large sections of about 20 sq. decimetres in area by this method. 

Aspects o! the Paleeozoic Flora 

Devonian. Since the publication of the now classical memoirs 
of Kidston and Lang on the plant remains found in the Chert of 
Rhynie in Aberdeenshire (Scotland), which have, been fully 
described by Scott {Studies in Fossil Botany, VoL I.), a number of 
descriptions have appeared from time to time on plant reipains of 
Devonian age. ■ 

In 1925 Lang described a plant, Zosterophyllum myretpnmmm, 
from the Carmyllie beds of the Lower Old Red Sandstone of Scot- 
land, which are of Lower Devonian age. This was a relatively 
small plant, consisting of a branch-system of leafless axes, which 
were traversed by a central vascular strand composed of annular 
tracheids. There is a good deal of evidence to show that these 
erect, branched axes sprang from a rhizomatous region. The 
most important feature of the discovery, however, was the fact 
that the terminal regions of the aerial axes bore more or less 
closely associated, stalked, reniform appendages, often with a 
marginal rim to the appendage. 3Pie arrangement is a loose 
spike, and the general appearance of the appendages is very 
suggestive of their being reniform sporangia, although tlie presence 
of spores was not detected. On this ground alone it is a pure 
assumption to suggest that these are sporangia, but the more 
recent discoveries of plant remains in Australian beds of Lower 
Devonian age practically puts the matter beyond dispute (see^ 
below). 

Lang and Cookson have described remains from the Walhalla 
series of Victoria, Australia. These rocks are described as of 
ly , Upper Silurian age by the Geological Survey of Victoria, but 
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Lang and Gookson prefer a more conservative estimate^ and 
consider them to belong to the Lower Devonian. j 

Four important types were found : (1) Mostimella, sp., which 
is composed of branched axes, and is recognised as of the same 
general type as those found in Europe ; (2) vascular strands 
showing tracheidal structure ; (3) a fructification, 

australianwm; (4) a sporangium-like fossil, Sporogonites ' 

ChapmanL i 

The chief remains discovered in these beds was Hostimella,' | 

This consists of smooth-branched dichotomised axes, and is very l| 

similar to correspondingly named remains from the Early Devonian j 

of Europe. ; ' j 

The axes are smooth and show dichotomous or lateral branch- I 

ing, suggesting the production of a sympodium from dichotomy. 1 

Such remains are of frequent occurrence in Devonian rocks from j 

different regions and may conveniently be kept under the name : 

Hostimella, No exactly similar specimens have been described I 

from the Upper Devonian, and as far as our present knowledge 1 

goes they ai'e characteristic of Middle Devonian formations. ■ 

I These remains, taken alone, would indicate a Middle Devonian age ; 

for the Walhalla rocks, but the associated fossils must also be I 

taken into consideration in this connection. j 

With regard to the tracheidal elements, it is possible that | 

these may belong to Hostimella^ but actual proof is wanting. j 

Their presence, at any rate, indicates that vascular plants were in I 

existence on this horizon. . | 

Three specimens of Zosterophyllum australianum V Tiov. 
were discovered. These have proved to be a new fructification. j 

The fructifications consisted of a naked unbranched stalk with a I 

number of spirally arranged appendages which have proved to be 
sporangia. The sporangia were large and dehisced by a split 
running along the extended distal edge, and correspond to those 
found in Z. myretonianum from the Lower Old Red Sandstone of 
Scotland. The Australian plant can be placed as a new species of 
this genus. The clear comparison of this plant with that found I 

in the Lower Devonian of Scotland is in favour of placing the i 

Australian beds as being of the same age. ^ 
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to dry. When the jelly has become dry it may be peeled off. 
The peeling process is sometimes rather difficulty as the film of 
gelatin is more brittle than a similar cellulose film. The gelatin 
peels may be cleared in xylol and mounted in Canada balsam. 

The preparations obtained in this way are remarkably clear 
and show no detectable flaw. Walton has been able to prepare 
large sections of about 20 sq. (lecimetres in area by this nu^ivod, 
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Devonian. Since the publication of the now classical niemoil 
of Kidston and Lang on the plant remains found in the Chert* 
Ehynie in Aberdeenshire (Scotland), which have beemljl^A 
described by Scott {Studies in Fossil Botany ^ YoL I.), a nmdiberlf 
descriptions have appeared from time to time on plant reimainsM 
Devonian age. If 

In 1925 Lang described a plant, Zosterophylhm myretmilanui^ 
from the Caianyllie beds of the Lower Old Red Sandstone of Scot- 
land, which are of Lower Devonian age. This vras a /relatively 
small plant, consisting of a branch-system of leafless akes, which 
were traversed by a central vascular strand composed of annular 
tracheids. There is a good deal of evidence to show that these 
erect, branched axes sprang from a rhizomatous region. The! 
most important feature of the discovery, however, was the fact 
that the terminal regions of tlie aerial axes bore more or less, 
closely associated, stalked, reniform appendages, often with a 
marginal rim to the appendage, "pie arrangement is a loosed 
spike, and the general appearance of the appendages is very 
suggestive of their being reniform sporangia, although the presence 
of spores w^as not detected. On this ground alone it is a pure 
assumption to suggest that these are sporangia, but the more 
recent discoveries of plant remains in Australian beds of Lower 
Devonian age practically puts the matter beyond dispute (see 
below). i 

Lang and Cookson have described remains from the Walhalla 
of Victoria, Australia. These rocks are desei-ibed as of 
ler Silurian age by the Geological Survey of Victoria, but 
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Lang and CooksoE prefer a more conservative estimate, and 
consider them to belong to the Lower Devonian. 

Four important types were found : (1) Hostimella, sp., which 
is composed of branched axes, and is recognised as of the same 
general type as those found in Europe ; (2) vascular strands 

showing tracheidal structure ; (3) a fructification, Zosterophyllum 
austraUanum ; and (4) a sporangium-like fossil, Sporogonites 
Chapmani. 

The chief remains discovered in these beds was Hostimella.’ 
This consists of smooth-branched dichotomised axes, and is very 
similar to correspondingly named remains from the Early Devonian 
of Europe. 

The axes are smooth and show dichotomous or lateral branch- 
ing, suggesting the production of a sympodium from dichotomy. 
Such remains are of frequent occuri*ence in Devonian rocks from 
different regions and may conveniently be kept under the name 
Hostimella. No exactly similar specimens have been described 
from the Upper Devonian, and as far as our present knowledge 
goes they are characteristic of Middle Devonian formations. 
These remains, taken alone, would indicate a Middle Devonian age 
for the Walhalla rocks, but the associated fossils must also be 
taken into consideration in this connection. 

With regard to the tracheidal elements, it is possible that 
these inay belong to but actual proof is wanting. 

Their presence, at any rate, indicates that vascular plants were in 
existence on this horizon. 

Three speekaens of Zosterophyllum austraUanum^ nov. sp., 
were discovered. These have proved to be a new fructification. 
The fructifications consisted of a naked unbranched stalk with a 
number of spirally arranged appendages which have proved to be 
sporangia. The sporangia were large and dehisced by a split 
running along the extended distal edge, and correspond to those 
found in Z. myretonianum from the Lower Old Red Sandstone of 
Scotland. The Australian plant can be placed as a new species of 
this genus. The clear comparison of this plant with that found 
in the Lower Devonian of Scotland is in favour of placing the 
Australian beds as being of the same age. 
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The other fructification found in these rocks, 6'porc 
Chapmani, nov. sp., is closely comparable with the fructif 
described by Halle under the name Sporogonites exuberan 
the Lower Devonian of Roragen, Norway. Unfortui 
S. Chapmani is only an impression, whereas Halle’s plant 
petrifaction, so that the internal structure of the former is 
unknown. 

The total length of the specimen was about 2-5 cm., and coi 
of a slender unbranched stalk about 0-75 mm. in width, 
widens gradually to form a basal region to the terminal ca 
like structure, which is about 5 mm. in length. 

Another specimen that was also discovered, S. Chaprrh 
minor, though, similar to S. Chapmani, was much smaller. 

The discovery of closely similar plants in the small flc 
Australia to those found at Roragen in Europe, is in itself a 
striking fea,ture. That S. exiiberans is associated with 
characteristic Lower Devonian remains as Artkrostigma g 
and PsUophyton prinoeps is again strong evidence thal 
Australian beds are of Lower Devonian age. r 
A further important discovery that falls to be recorded 
IS a petrifaction from the Burdekin beds of Queensland, v 
are of Middle Devonian age, to which has been given the i 
^cmzopodium Davidi, nov. sp. 

This petrifaction, which has been described by Harris in a n 
memoir, shows a stele composed of 
surrounded by a 
which is varioush 


ester 
varic 
. aban 
^ also 

J I ' 
! ^tjhe j I . 


arrow zone of phloem. The protoxyk 
xarch or mesarch, shows sealariform p 
1 possesses multiseriate pitting. The st 
hree-zoned cortex. There is a broad ini 
parenchyma, a middle zone of thiek-wal 
, and this is followed by an outer cortex 
• The stem appears to have been destiti 
e is discoverable of anything approaehij 
ther hand, only the cortical tissues o3 
lo^, and the cortex of the smallest a£ 
f j assimilating tissue could be discov^ 
le stem was not assunilatirw. H 
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The general appearance of the internal structure of the stele 
is strongly suggestive of Astewooylon (Fig. 14), and provisionally 
Schizopodium may be placed in the Asteroxylacese. The two 
genera have the common feature of the Psilophytales, namely, 
slender axes, and there is also the stellate xylem with protoxylem 
near the ends of the rays. The pitting of the tracheids is very 
similar to that of ^4. 

i l'robust plant than the 3 

^r form, and Krausel and Schizopodium Davidi. Trans- 

, ,, . . verse section of a large axis showing 

%iand s reconstruction is the outer cortex which has collapsed 

bill in Fig. 15. It is con- round the xylem. (After Harris, PM. 

^ , , Trans. Roy. Soc. (Lond.).) 

resd by these authors to 

at ; aquatic. The rhizome grew under water and sent up 
'tips shoots, which in their distal portions were naked and 
fromtely coiled at their tips. 

in a^el and Weyland have also made an addition to the 
brgalaceae. They have obtained a plant from the Middle 
rounn of Germany, Cladoxylon scoparium, Kr. and W. 
branon is usually stated to have a polystelic structure. On 


T 
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Fig. 15. — ^Reconstruction 
Krausel and Weyland, 


of Astemxylon elberfeMense. {. 
/ihhmid, Senck. naturforsch, Ges*,) 

the other hand, as Harris has pointed out, it is quite poss; 
Cladoxylon can be regai’ded as a somewhat dissected 
monostele, similar in essentials to a dissected Schizopodh, 
Krausei- regards the Cladoxylacese as a family ol‘ mor^ 
plants belonging to the Psilophytalean complex. The i 
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ferous members of this group are so different from contempora- 
neous plants that Hirmer has elevated them to ordinal rank. 

Two important investigations on gymnospermous plants from 
^he Upper Devonian have recently been published. Goldring 
examined the petrified remains of a forest in Upper Devonian 
P^rata at Gilboa in the Catskills (Schoharie County, U.S.A.), 
Which is the oldest forest at present known. In 1869 specimens 
firom this district were sent to Dawson for examination, who 
identified them as belonging to the tree fern, and 

distinguished two species, F, textilis and P. erianus. More 
careful examination has shown that these remains are pterido- 
spermous, and Goldring has renamed the two species Eospenna- 
iopteris textilis and E, ‘erianus. 

The stumps were bulbous at the base, possibly because the 
plants .were growing under swampy conditions, and tapered 
upwards into the trunk. Judging from the stumps and portions 
of stumps, EospermatopteTis must have been a fair-sized tree 
of from 30 to 40 ft. in height. Only the outer cortex has been at 
J iZ^all well preserved, and is found to be somewhat similar to 
^^%yiinopteris and Heterangium. The cortex consists of inter- 
||^;^jfecing strands of sclerenchymatous tissue forming a more or less 
j sir parallel network. In transverse section, unlike the Carboniferous 
III forms, the sclerenchyma is distinguished as dots or short irregular 
; t lines. The zone of the outer cortex varies from one to several 
^ * inches in breadth, depending upon the size of the stumps. The 
igi^yoots are long and strap-shaped. The fronds are compound, 
tripinnate and from 6 to 9 ft. in length. The pinnules were 
bilobed and the lobes slightly recurved. The seeds bear a strong 
resemblance to Lyginopteris oldhamia. They were borne in pairs 
at the ends of forked branchlets, and in all probability near the 
" .tips of the frond. The seed, was broadly oval, varying in size 
from 5*3 mm. by 2*5 mm. to 6*4 mm. by 3*4 mm., and were enclosed 
■ in an outer husk or cupule. Sporangia-bearing organs (male 
’.organs ?) wer"! also discovered. They were modified pinnules, 
I -.rounded-oval or saucer-shaped to funnel-shaped, and borne on 
branching pedicels. Goldring’s restoration is shown in Fig. 16.- 
; The suggestion is put forward that these plants grew on a low 
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examined by Arnold. The remains belong to tlie genus Callwylony 
which was established in 1911 by Zalessky. In all, some twenty- 
four specimens were discovered, and four new species described : 
Callixylon Zalesskyi, C, mentethense, C\ erianum, and C. bristolense. 

The primary wood in these species is mesarch, and in contact 
with tlie secondary wood, although in some cases a few bars of 
parenchyma may intervene. The actual number of bundles was 
Ibimd to vary between nine and twenty-four. These anastomose 
freely, forming a netwwk surrounding the pith. The protoxylem 
elements are composed of annular tracheids ; immediately follow- 
ing these are reticulate, rather than scalariform structures, and 
then come two or three tracheids with continuous pitting, and 
finally tracheids with grouped pits. The metaxylem between 
the pitli and protoxylem is. mostly composed of spiral tracheae. 
The transition zone from annular to pitted condition is relatively 
brief. . ■ ■ ■ 

The leaf trace originates from a circum-medullary bundle, and 
is initiated by a slight increase in size of the bundle. At a slightly 
higher level, the protoxylem divides. Still further up, the bundle 
itself divides and the space between the two becomes filled with 
parenchyma. As the trace works outwards and away from the 
reparatory strand, the parenchymatously-filled space corres- 
pondingly lengthens, and later secondary wood commences to 
close in just outside the reparatory strand, thereby separating 
the parenchyma-filled space. 

In tangential sections of some of the specimens, areas of 
‘‘ convoluted ” tracheids were discovered. These depart from 
the usual elongated form and assume the most extraordinary 
shapes. 

The anatomy of the root shows a group of large round tracheids 
in the centre of the stele with exarch protoxylem and in contact 
with the secondary wood. 

With regard to the habit of these plants, Callixylon erianum 
possessed stems 2 ins. in diameter; the majority of the other 
specimens were smaller. The size and length of some of the 
preserved remains, together with well-marked gymnospermous 
wood, suggests a tree-habit, in which branches were few, but long 
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CnfeyZoa had a remarkably wide distribm- ■ 

Devonian. Its remains have beerfotl ^PP«- 

^orth America. This fact, together wtfhTt 

specialisation, probable arboreal habit features of high 

^'ggests that it was one of the comm’ of remains, 

Devonian strata. It is no °f Upper 

f nee of only a single plant typeTn 1 ^" PredoSn- 

here is somewhat out of the^rdLan 

over such a wide area. It is difficiiltV distribution is 

^Snirt^Sei^^: and other ! 

Arnold is inclined to the view that V ^characteristics, ' 

the Calamopityeae and the Pitveie th 
comparative abundance of Ca//,w ? the Cordaiteae. The 
P ty.» .„d K.ye« s4 e^STl. 
bat phylogenetically this genus is of ‘° '''‘° 

retams a primitive feature in fh ™Portance. Although it ? 
»ooa, tl.e plant itself cannh betSe'-T” Ptba^y 

“ evidence of being the t eiT'S ” J’™*™- “ but mther 
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laris in the fact ttot the primary wood bundles enlarge slightly 
and become centrally mesarch before the giving off of a leaf- 
4race. i 

As to the relationship with Pitys and Archceopitys, medullary 
bundles occur in both these genera, but the situation is very 
different from the few and scattered medullary tracheids of 
Calliivylon, There is also a difference in the number of primary 
wood bundles ; there are some thirty to forty in Pitys antiqua. 
These differences suggest a relationship towards the Calar^o- 
pitye«, and thus towards the Pteridospermse rather than towards 
the Cordaitales. 

There is also some slight resemblance to the little-known 
PalcBopitys Milleri, but the evidence is not very clear. 

The whole of the evidence at present points to the view that 
Callixylon was a highly oi'ganised plant which flourished during 
the Upper Devonian to much the same extent as the Cordaitales 
did during the Carboniferous. It reached its climax at the end 
of the Devonian and disappeared. It was probably not on the 
direct line of descent of the Cordaites, and possibly sprang from 
the common stock which gave rise to the Pteridosperms on the 
one hand and the Cordaites on the other. 

Certain points with regard to plant distribution in the Lower 
Devonian can conveniently be considered here. Lang and 
Cookson’s discoveries in the Walhalla beds of Australia, when 
taken together, show a close comparison with remains found in 
Europe. For example, Sporogonites exuherans from the Lower 
Devonian of Norway is so close to the Australian specimen 
{S. Chaprnani) thsit the plants can be placed in the same genus ; 
and, again, Zosierophyllum australianum and Z. myretonianum 
(from the Old Red Sandstone of Scotland) show remarkable 
similarities in their morphological features. The European beds 
are clearly of Lower Devonian age, while the Australian have 
been described as belonging to the Upper Silurian. The similarity 
of the fossil forms, however, lends more support towards Lang 
and Cookson’s view that the Australian beds belong more properly 
to the Lower Devonian. If this be the ease, it is of great botanical 
interest to meet a similar assemblage of plants as far apart as 
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axial region which are dark^^ than the remainder ; this is appar- 
ently due to the presence of fungi. In some of the specimens of 
this species, rhizoids were found attached in groups. These are 
somewhat sparingly distributed, and a few at least show a slightly 
expanded, rounded tip. 

Eepaticites Willsi shows a distinct notch in the terminal 
portion of the thallus, indicating that the growing-point was 
carried forward in a sunken position. Thethallus is a fiat ribbon- 
shaped structure, with its apical cell retained at the base of a 
notch caused by the initially greater rate of growth of the marginal 
cells formed at the growing point. Dichotomy is almost certainly 
indicated by the division into tw^o of the apical cell (Fig. 18, 2). 

The fourth species, Hepaiicites Langi, is made up of small 
dichotomously branched shoots (Fig. 17, 2) composed of small 
thin-walled parenchyma. As far as can be seen, the shoot is 
constructed possibly by the division of a single apical cell sunk by 
the initially greater grovi:h of the marginal cells in an apical 
notch and is a smaller plant than H. WillsL 

The last species described h j WsltoRf Hepaiicites Metsge-noides^ 
was discovered in small fragments. The plant, again, is thalloid, 
with a clearly defined midrib (Fig. 17, 8), and with a wing or lamina 
one cell in thickness. The midrib is composed of cells elongated 
in a direction parallel to the axis of the thallus. There is a 
certain amount of evidence to show that the thallus branched 
dichotomously. A particular kind of fungal mycelium was 
found in this specimen. There is also evidence that rhizoids 
were present. 


There can be no doubt that these various specimens described 
by Walton are true Bryophytes, and that they probably belong 
to the Anaerogynae. Hepaiicites Kidstoni is very similar in the 
arrangement of its leaves or lobes to the wing in Treubia insignis, 
and somewhat resembles a small edition of that species. If a 
shoot of TreuMa he imagined in which each small dors^rllobe has 
I been displaced to a position slightly lower down the axis until 
it is opposite the middle of its main lateral Iobe, 4nd if the decur- 
rent ridges were also suppressed, then a plant very like Kidstoni 
would be obtained. H. lohatus takes an intermediate position 
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I ppearance at this tinie in Australia, and conditions were favour- 
ole for the accumulation of ice and snow. This Ice Age was of 
articuiarly wide extension, for boulder clays have been found 
L every part of Gondwanaland. In fact, Gondwanala^^ 

id glaciers with a border of Arctic vegetation. 

One of the commonest plant remains found in Gondwanaland 
called GlossopUris\ Its leaves were long (12 ins.), and it 
as in air probability a Pteridosperm. From the abundance of 
s leaves and stems {Verteb7'aria), the Gondwanaland flora 
fen spoke n ^Qf as. the. Glosspptm^ flora. Another commoi^ossil 
' this region is Gangamopteris^ Its leaves were larger than 
9lossopteris^ and may be distinguished by feeble development 
of the midrib. Schizoneura (Articulatce) and Neuropteridium, 
represented by simple pinnate fronds, are also features of the 
'Gondwanaland flora. These four genera are not found north 
iof the Tetliys Sea, nor are they represented in the Carboniferous 
la nd Lowe r Permia^ Associated with this Glossopteris flora is a 
plant which is possibW 

md a few species of Si^Maria and Along with 

these, and making a point of contact with the northern flora, 
^we^e Psa/ronms. Sphenophyllum , and PsT^^movhifUum, which pos- 
t sessed lobed leaves very similar to those of Gingko biloba. This 
^^outhern flora was mainly wanting in the genera and species found 
;:in the two northern continents, and was relativdy a meagre one. 
I There was also apparently a migration northwards of this 
Glossopteris flora, either to land bridges or islands, across the 
Klethys Sea, since leaves have been found in the 

Upper Permian of North Russia and from several localities in 
Siberia. This northern Glossopteris flora is called the “ Kusnezk 
flora,” from a locality in Siberia, and has been traced as far east 
as Vladivostok. / It includes with Glossopteris, such genera as 
Neuropteris^ C allipt eri dium and Lepidode ndron. Thus Glossopteris, 
which originate37a&^^*arwe know, in the^uthern Hemisphere, 
gradually-- spread across the Equator, and has recently been 
recognised as far north as in the Rhfetic flora of Bast Greenland. 
Schizoneura has also been recognised in the Early Triassic of 
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and yuelimenkoii series have the common feature of delta and 
J fresh-water formations, deposited in lakes with drainage to the 
; sea. At the time, however, when the beds between the Shihhotse 
\ and Shihchienfeng series were being laid down, a marked geological 
' change took place, whereby these regions, which had previously 
possessed outward egress to the sea, lost this feature and became 
r, embedded in the marginal zone of a desert region. The sand- 
I stone division of the Shihchienfeng series, with its masses of 

■ diagonally bedded sand, represents the end phase of the sanding- 
up of this undrained basin, and in this series no plant remains 
. have been found. 

^ } The geological age of these various beds is difficult to assess. ^ 
t Halle considered that in the Yuehmenkou series, from the nature 
i of the plant remains and comparison with similar remains in 
Europe and elsewhere, the sediments belong to the Lower Permian, 

S ' species of Dioonites^ D, densinervis. The presence of the following 
^ 0 spejcies, however, Sphenophyllum Thoni% S, Thonii var. minor, 
Tcehiopteris multinervis, suggests that the beds are of Permian 
I while Carboniferous forms, such as Calamites Suckowii,. 
I Spmnophyllum emarginatum, S. Costco, and Stigmaria ficoides, 

^ have also been found. Stigmaria ficoides extends throughout' 
' the whole of the Carboniferous, but it is also to be found in the 
Permian. The most serious objection to placing the Lower 
, Shihhotse flora in the Lower Pennian the purely negative 
J evidence presented by the absence of any species of Callipteris. 

I Its absence, however, may be an edaphical or phyto-geographical 
feature, as it is extremely scarce, and even sometimes quite lackii^ 
in the typical Lower Permian floras of Saxony and Bohei^^. 
i From the conflicting nature of the evidence, Halle has corgtS^: 

t the conclusion that it is best to regard the base of the ShihStl^' 
series as representing the beginning of the Permian 
Shansi, and that the beds possibly extend as far as thejMhin'iligi 
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of the Mesozoic, although the latter possibility is largely discount 
by the fact that the beds are not of sufficient thickness (45o m' 
and of this thickness, 250 in. from the upper portion contah,' 
five genera of Mesozoic aspect. On the whole, it cannot be sai, 
that the Upper Shihhotse series reaches anywhere near the Pernm 
Triassic boundary, and at the present time there is no evidene, 
that It extends anywhere above the middle of the Permian a 
ft is even possible that it may fall entirely within the Low^ 
Permian. Again, if the Upper Shihhotse series represents th 
passage to the Triassic, the whole of the Shihchienfeng series 
would have to be included in the Triassic. But if on the nfh ^ 
hand, the Upper Bhffihotse series be included in the Low« 
ermian, the Shihchienfeng series, though wholly continental 
might be compared with the Permian Zechstem of Europe, whicli 
also marks a period of arid conditions. In such circumstances 
from humid to and conditions would have more or 
it So ac lionised in Europe and Eastern Asia 
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Species from Central Shansi. 
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degrees with the main racliis, sessile, with the base often articulate. 
The margin of the pinnae are dentate, sinuate or almost entire, 
the teeth corresponding each to’ one secondary vein and projecting 
in the direction of the vein, and often sharply pointed. The mid- 
rib is strong and vmches to the G^ nicotiancefolia and 

(?. are shown in 

'tIic*^ first section of Gigan- 
topteris was first described 
from, and is only known in . 

Asia, while the type of the 

second (G, americana) was 

described by White from % J 

westmn North Ame^^^^ As 

■to, and' inay be” pos- 
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as to the relations between Shansi, China, (l). Part of frond. 

tlie floras of North America 

venation. (After Halle.) 

and China were essentially 

sound. Again, the rare genus Saportcea is only to be found 
in one or two regions in the Permian of North America, and 
the Chinese species may well be identical with the geno- 
type. 

; Taken as a whole, the Upper Palaeozoic flora of central Shansi 
definitely rehrted to the contemporaneous floras of both Europe 
ahd North America in much the same manner as the two latter 
gre related to each other. But in the upper part of the seri^^'^ 
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ftlic action of Natural Selection. The logical sequel of Darwin 
Attitude to variation led him to deny the existence of species as 
a separate grade, distinct from a variety or even individual, and 
this view is categorically so stated in Chapter II. of the Origin 
Species : “ Certainly no clear line of demarcation has as yet 
vbeen drawn between species and sub-species — that is, the forms 
-which in the opinion of some naturalists come very near to, but 
}do not quite arrive at, the rank of species : or, again, between 
sub-species and well-marked varieties, or between lesser varieties 
tand individual differences. These differences blend into each 
%ther by an insensible series ; and a series impresses the mind 
.with the idea of an actual passage. Hence I look at individual 
f differences, though of small interest to the systematist, as of the 
^highest importance for us, as being the first steps towards such 
rslight varieties as are barely thought worth recording in works 
^on natural history. And I look at varieties which are in any 
^degree more distinct and permanent, as steps towards more 
istrongly-marked and permanent varieties ; and at the latter, as 
|leading to sub-species, and then to species.” 

I Nevertheless, elsewhere (Chapter VI.) he states : To sum up, 
|I believe that species come to be tolerably well-defined objects, 
*and do not at any one period present an inextricable chaos of 
^varying and intermediate links ” ; and he goes on to elaborate 
■:the view that this relative distinctiveness of species may be due 
ito the extinction of intermediate varieties. 

I The Linnasan concept of species was also attacked by Alexis 
iJordan, but from quite a different standpoint from that taken up 
|)y Darwin. In the first place, Jordan was not a believer in 
gvolution, and, secondly, he was a determined antagonist of the 
)arwinian theory. But from cultural experiments, combined 
rith a careful and minute morphological examination, He claimed 
p have proved that many Linnaean species were not honibgeneous 
b’t6‘; ' but were composed of a number of smaller units. Here 
ae attach ^on the Linnaean position was not from any question 
' the im»;^ stability of species, but was concerned with the rank 
[ the immutable ui>,if s. J ordan was that Mte noire of taxonomists 
-a “ species splitterV’ 

■'r:' i'Ki C:] 
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It IS not necessary to discuss the experiments of Mende] her 
but three important points from this work need emphasis ^ 
connection with the species problem. The first is that “new 
forms may arise from a cross through a redistribution of parent 
characters ; secondly, the heritable characteristics of a race d 
not constitute an indivisible whole, but can be analysed ig 
unit-characters, or, as they are now called, “factors ” or “genes 
and that these can be inherited independently of one anotlier 
thirdly, that the plant as defined by its somatic charactei 
(phenotype) and the hereditary type to which the plant belont- 
(genotype) are two different things. 

The questions arise here : Is the Linnsean species a real entiti 
or merely the conventional grouping of genuine units? ani 

secondly what are the actual units upon which evoliitioi 
works ? 

In 1901 de Vries laid stress upon the fact that modificatioiis 
are not inherited, and therefore provide no basis for artificial « 
natural selection. But among cultivated plants, “ sports ” d 
mutations are often found, and these differences can be pass] 
on to the pr^eny. The plant upon which de Vries based hii 
conclusions, (Enothera Lamarckmna, has since been shown to bJ 
a hybrid, but a number of recognised mutations have been knom< 

which was discovered 

m 1590 by Sprenger, and differs from CA. mams, L., in itsi 

^umted leaves and petals. There is also the classical ease 
e runnerless or “ Gaillon ” strawberry, a runnerless fomil 
^ , ^of Fragana al^m. The unfortunate collapse of the chief comeri 
, stone of the de Vries structure ((E. Lamarckiana) brought th 
mutation theory of evolution into considerable disrepute, especiallJ 
, among those who regarded hybridisation as more than a sufficieni 
^ source of new species. i 

The chief protagonist of the hybridisation theory of evolutio 

® ^ book, Evolutia^b^ 

. Means of HybndtsaUon. Lotsy rejects the Linmean 
: being no species at all, and at the same time he as a' 


y ^ , » vv*xv*. uiic sfctiiie lime as 

j ^ or anian species, since breeding true to typc^ned his 

" f : a nroof nf TT* ^ ^ -r. 


, 5 .j,a proof of genetic purity. His own dcfinitlising 
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“ A group of individuals of identical constitution, unable to form 
b' more than one kind of gametes.” But this definition is by no 
means entirely satisfactory, as it denies the possibility of muta- 
i, tions. There is also the further difficulty that though perfect 

0 homozj'gotes and genetically pm*e races are laudible concepts, 
li there is considemble doubt whether such ideal individuals or 
' raees have ever been isolated. 

.• Two other workers (A. L. and A. C. Hagedoorn) have put 
,• forward arguments very similar to those of Lotsy, but they 
, ; differ from him in that they do not deny the possibility of muta- 
tion, but consider that it does not play an appreciable part in 
;• evolution ; they also make much use of the concept “ potential 
variability.” Thus, the total potential variability of either an 
; individual or group is measured by the number of genes for which 
, that individual or group is not homozygous. Isolation is supposed 
i to be the main agency causing a reduction of the total potential 
variability, and not selection, as Darwin supposed. 

Comparison of the views of Lotsy and the Hagedoorns towards 
Linnaean species is interesting. It has already been stated that 
Lotsy denied the existence of Linmean species. The Hagedoorns, 
on the other hand, state their views as follows : “ A species is a 
group of organisms so situated and so constituted that it tends 
automatically to reduce its total potential variability, and which 
for this reason tends to become pure for one specific type.” And, ^ 

1 again : “ Species are realities and they are stable, not changing. 

i Further, we believe that those individuals which are seen to 
: differ in one striking point from the members of a species among 
I which they live constitute a variety, whereas individuals differing 
i iir a group of characters from hitherto described species constitute 

a new species.” v 

t one important point emerges from this work, namely, that the 
evidence upon which these workers base their views shows the 
remarkable distinctness and relative purity of local or spatially 
J isolated races ; therefore isolation as a factor in species formation 
^ is now taking an important position in the literature. 

Turesson (1922), under the title “ Genecology,” has advanced a >:■ 

H number of important arguments on this subject, and it will be 
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when exposed to the more or less extreme conditions of tlip 
natural habitat. The external result is an apparently home 
geneous popidation of dwarfs known ms pratemis V. nal 
When cultured, however, this apparently homogeneous population 
breaks up into its component parts, and the great hereditarv 

variation as to height is shown. ^ 

Iwo^ special eases require consideration here, Atriplex anrf 
Jim-aaum. Atnplen is especially suited for an iDvestigation of 
h.s n. ure. All the species are annuals and have beenll 
known to be exceptionally polymorphic. ^ 

Atripkx morale is a common species along the Swedish coast 
Its root-system is shallow and the plants are more usually limited 
to the lower reaches of the beach. Further up the beach dwarf 

in h T its greatest development 

m sheltered positions, especially along beach-lines, covcl etc 
tolleetions of small plants and seeds were made and gro;,, in' 
culture.^ It was found that the population was made up of a 

otiicr. In the first cultures that were isolated seventeen biotvne, - 
seen Zt differences were to be 

thfZuf of the most distinct species of 

the Tas?' of Swed practically along the whole length of 

tne coast of Sweden, occupying the zone nearest to the watw 

which no other species of Atriplew thrives at all well 

''Terf“coll'^7r/''''^ (May and June), and seeds and 
remarkable /rom thirty different locaKt^Tsoe^'e^ 

fo^d to ne variations of a hereditary S^wei^e 

ound to occun For example, it was found tjiat the easten 

coast-hne inhabited by a certain group of forms disSeS 
fr^the population of the Sound region, and boti 
forms differed from those inhabiting the western coast-linel 
be convenient to discuss these various geographical groups 


on the eastern coast-line, it 
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observed that the plants of the whole group were thick and 
fleshy, with rhombic-lanceolate leaves, long jinbranehed and, in 
the upper portion, leafless inflorescences with the basal branches 
ascending. In the field this group showed great uniformity of 
appearance, but on cultivation it was found to break up into a 
number of different forms, and the offspring obtained from these 
isolated forms agreed in all details with the parent plants. It 
was also ascertained that the individuals of these cultivated 
biotypes differed markedly in one respect from the plants growing 


Fig. 24j. — Atriplex sarcophyllum from the east coast (Oxelosund). 

(After Turesson, Hererftte.) 

under natural conditions. The ‘V wild ” forms were dwarfs 
compared with the plants obtained in culture. Two biotypes 
isolated from cultures are shown in Figs. 24 and 25. 

In the case of plants growing in the Sound region, it was found 
that there was a small form growing along the marshy shore- 
line at Limhamn, near Malmo. It flowered in May and had 
thicker leaves than other forms of the genus growing in the same 
place. A number of plants w-ere collected from this region and 
brought into cultivation. They resembled the fonns from the 
eastern coast-line in being early flowering and in the possession of 
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riation. Individuals with leafy, fruiting braetlets with long 
ilks were entirely absent and showed a resemblance to the 


Fig. 27.-~Atriplea: sarcopkyllum from the Sound. Prostrate form. 
(After Turesson, Hereditas.) 

fruiting braetlets of plants from the east coast, but the branching 
habit is different. They were usually more branched from the 
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the autumn. The fruiting stage is reached in the early part of 
■i;- September. 

■S 2. The Dune Type of the Arenaceous Fields and stationary dunes 
( - from the eastern coast-line. The individuals of this type closely 

I resemble the dime form of the shifting dunes, but differ in the 

extreme prostrateness of their stems. The power of shoot 
regeneration is less marked, and is often entirely wanting. 

3. The Sea-cliff Type of the West Coast, This type comprises 
broad-leaved individuals, more or less prostrate. The cells of 
the leaves are considerably distended, and the growth-form of 
r, the plants is contracted and bushy. The fruiting stage is first 

1' reached in the latter part of September or the beginning of 

I ~ October. 

I 4. The Sea-cliff Type of the East Coast. This resembles the 
I preceding form as to the breadth and thickness of the leaves. 
The growth-form, however, is quite different; the plants are 
tall and almost as erect as the inland type. The fruiting stage is 
reached at the same time as Group 3. 

5. The Woodland Type of the Interior. This form comprises 
I stout, erect plants with lanceolate leaves. The leaves are tough, 
i; but considerably thinner than the leaves of the preceding types 
. that have been described, and possess only two or, at the most, 
three layers of palisade cells. The inflorescences are generally 
umbelloid and contracted. The fruiting stage is reached in 
September. 

It will be seen, from the various examples cited above, that 
although observed characteristics were in certain cases purely 
modificatory in nature vulgaris), in the vast majority 

of cases there was a differentiation of the species-population 
into different hereditary variations in the different habitats. 

There is also the further fact to be considered, that in the 
strictly intermediate area between two habitats of different 
nature and populated by two different types, no intermediate 
form is to be discovered, but, on the contrary, individuals of 
the two different types and hybrids between them make their 
appearance. 

Differentiation of plant species into different hereditary habitat 
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istics, which remained constant under ( 
viviparous class may, late in the season. 


are 


sta 


The wholly 

, . „ , elop a few short and 

weak inflorescences bearing normal flowers and seeds, althoiwh 
■ under natural conditions it is doubtful whether these help- in 
the spread of the plant. The partially viviparous forms, on the 
other hand, normally develop one to many flowers in the ba.se of 
the spikelet, and- a bulbil above, and a number of gradations are 
to be seen between the wholly sexual and the wholly viviparous 
classes, but these intergrades keep constant in culture. 

Vivipary includes a number of different phenomena, and may 
be either modificatory and can be induced, as in Phleum pratenle 
and perhaps the majority of grasses, or it may be hereditary 
.In those grasses in which vivipary is of ecological significance' 
two groups may be distinguished : (1) thoi e in which the genotype 
factors nvolved are of no ecological significance (Zm mays) 
and those m which the genotype factors involved in brineine 
about vivipary have led to the formation of successful habitat 
races, as in Festma, Poa and Aira. The situation is analogous 
to the apomietic species in Alchemilla, Hieracium and Taraxicum ■ 
and occasionally, like these, they have a limited distributioin 
Ihe paitially viviparous forms correspond to the condition found 

TxcCtt the apospory type does not 

Exclude facultative sexuality. 

According to Turesson these apomietic types represent nothing 
but biotypes. fixed as to morphological details and multiplied 
through apomixis. Apart from reproduction, there are no ' 
principal differences between the biotypes of apomietic groups 
and those that reproduce exclusively by sexual means. On 
these grounds, therefore, he has introduced some fresli terminology, 

' fthrmio-r (-biotype) which is apomietieally reproduced 
{ ough apogamy and vegetative propagation) is called a forma 

A f- V type name), 

'interhrf. d t obligate sexual, and can therefore 

eibreed to the greatest extent with other types, is called a 

, /oma amphimicta or amphimict (abbreviated to amph. before 
, the type name). A fprm (= biotype) which, besides apomixis,. 
repioduee itself sexually (facultative sexuality), as in the 



witftin 1 oa alpina lavours to a certain extent, the yiew that! 
. ; alpine ecotypes of this species immigrated into ScandinJ 
during the period, and that the lowland ecotype entl 

•independently and possibly at a later date when the cliJ 
was warmer. On such a view, the glacial relic hypothesis^ 
the presence of these plants becomes ho longer tSable i 
ngorous selection to which the first populations of immigratir 
, JPoa alpim must have been subjected, together with the^simu 

:taneoiiselimmationofbiotypes which were not sufficientlv I md 

:,^must have thimed these populations to such an extent ^ 

.-subsequent differentiation of a lowland ecotype from tt 
selected materiarhas been impossible. 

If Poaalpina he a specialised ecotype in the lowlands it M 

Cf not reached the wide disWbu J 

I of the alpine biotype, since glaciation must have meant sM 
{destruction to lowland forms, while the alpine types woSd hi 
..been able to find shelter m ice-free refuges. In other cases ll 
^ land- ecotypes of other species-populations, even if not ejiJ 
{destroyed, became through migration much scattere? anrS 
. pauperated with regard to their biotype contents and « t 
only represented by Arctic Z if 

r .P’m I^elenria procuwttm and OnytZ nlZ' 

, Jt is probable that it is to this group that P. alpina Llongs"^^ lu 
-owland ecotype m Sweden is verv localked ir, . 




i 4 , .the biotypes within a species. Taking first the group uf aistival 
t plants (twenty-five species in all), it was found that in the 
. ^liprthern part, of the investigated area pronounced carlincss was 
. combined with moderate height, whereas in the southern parts 
i of the area, lateness was combined with g^St height Again 
I k . maritime parts of the wesVjIlgrowUi was com! ' ' 

p bmed with lateness, whereas in the east, J§^4lieigh| was com- 
; . bmed with earliness. It was also found thl^glrdinilhe various 

seedling generations which were grown from Alpine ahd lo-v^i' ' f 
types of the same species, the former are genotypically loyi^ ^ 
height and earlier than the latter. 

Corresponding to the change in climate, there is evid^vy>a 
, change m the genotypical composition of the species-population 
r , Thus eai-ly and low-growing types are perhaps best^uited for the 
short and relatively cool summer of the north of Emnpe whereas 
^ the longer vegetative season and higher summer temperature in 
I the south apparently favours more luxuriant growth and a late- 
flowering type of species. In the western maritime regions 
^ 1 ateness of flowering was found to be characteristic of the species 
• y (e.g., in Fragaria vesca, Geranium silvaticum, Geum rivale and 
Spvr<.a ulmaria), but farther west, with greater intensification of 

'I ' ? fi / combined ' . - 

l ' ' On^th growth, or even of dwarf forms. : 

On the other hand, the continental climate in the east, with n"; ' 
r amount of summer rainfall, supports types in which oti-x’" 
height is combined with earliness. 

I ' the case of spring plants, which were foun Jll 
I differ from the estival forms with regard to earliness, the behavMi 
; I tcUtfm palustris will serve as an example. In the forms fflHH 

. ■ bouth -Germany, earliness of flowering was found to be 

; pronounced than in the tvnes from So„+k 


w 
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. \ 

suppose-that types with' particu’ fy advanced floral winter 

have been selected in the south ana xtreihe north. In the 
the leafing of trees, as well as the a ^akenftig of. vegetation 
■■ whole, takes place at an earlier dr «;■ ifl regions faij 
north, and the southern spring plant must* v* necessity be ee l 
than more northern forms in order to conform with the periodi^ 

^ In the e,xtreme north the shortness of the vegetation period^ 
-.jjpbviously^alls tor a similarly well-advanced floral structure. 

:.3,The case of Plantago maritima has been investigated by Gregor 
with regard to the effect of environment on isolated wild 
■ ' populations of this plant. The distribution of P. maritima 
in tAis country is continuous throug’hout the eoast<3.1 rcgioxis, 

, but inland it is scattered and mainly confined to high altitudes. 

, It is at present not clear whether the flora of the British Isle J 
was completely destroyed during the Pleistocene, or whether 
some portion survived in the South of England during the period 
of maximum glaciation. In Scotland, however, it is certaij 
■ that the greater part was denuded of its previous flora, and ti 
present flora was established with the retreat of the ice and tl 
onset of more congenial climatic conditions. For a discussion oi 
the lines of plant invasion into Britain from the Continent! 
consult Matthews, Chevalier, Turrill and Woodhead. 

It is, however, the climatie conditions prevailing during th^ 
maximmn peidod of glaciation that are of importance in thisl 
connection, and whether or not P. maritima survived the extremej 
conditions of that time. It is probable that the inland distribution 
'aiaritima is a remnant of a previous more general distributionj 
\and that this species followed the retreating ice at the close ^ 
^the glacial period. Owing to its xerophytic nature, it would i 
well adapted to withstand the prevailing conditions of physiologic^ 
drought. of P. into this country was presum| 

^'ably from a Continental stock at the close of the Pleistocene 
;and subsequent environmental conditions are responsible for it 
resent lestricted distribution in inland regions. ApparentlL 
jompetition has been the main factor in driving it out froiS 
intermediate positions, since it can grow quite well under meso-l 
ihytic conditions at low altitudes both in culture and also in the I 
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I Dioportion of low-growing forms than plant^^ 
grass habitat ; nevertheless, the grass formsihl 
ed type which did not also occur among the 
sible that occasionally phenotypical chara|^ 
)it) determine the survival of certain forms, ,1*41 
led to attach some importance to the vJj® 
as represented by a particular phenotype. ^ 
and also Du Rietz, have advanced a number (^8 
le genecological views of Turesson. 'Collins^ 
be detailed here, as he has misinterpreted^ 
scatepients, and accuses the latter of .Lamarckm{| 

(■ has never claimed to be a Lamarckian, andS 
ressly denies that his results can be 

tz’s paper is really an attempt to reconcilt^ol 
srn experimental dafa, and the result is not A^ry 
mding to him, the fundamental principle in fej 
luals into taxonomic units of different r^^ 
mes of discontinuity formed in the series r>- pH 
cal, ecological and physiological isolations.”!^ 
311, however, is clearly the most important 
lolds the opposite view, namely, that^t is th|"^| 
m of the individual that is of the greatest imj 
f*..' r i.f.-ural grouping, and therefore nhvsioloo'ieal and 







ing bidtypes forming a syn 

a more or less complete s! 

small transitional populatior 
.. f s Mimtzing. Tedin and ' 

. is an extensive cc 

^-Rietz, It may be either geoga 
: ,- :the former case the speck; 
. morphological differ 

< isolated populations do notn 

er slightly, but neverthc 
some taxonomists will treat 
while others will treat them ^ 
Tedin and Turesson claim th 
some mason become separate 

' mid if these par 

joorphological features and m 
artificially crossed, this is not 

k must?^'^ “Pm-t-populations ^ 
nust be considered as units of 

■ e placed ni the same speci 

Hsimilanty. f 

■ ^Pu Rietz also attempts to 
■rnety; “a sub-species is a 
■|rming a more or less distinc 

is defined as ‘ 
F iptypes, forming a more or less 
|it^ 5 somewhat difficult to dr. 

mther vague and unsatisfa 

between sub-species and variety, 
tions of taxonomical units can be 

They leave the internal relatioi 

genotypical constitution 
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urn. rnis amerentiation was due to isolation 
nrough barriers of various kinds, from tlie main 
evidence is against such a view, 

- ■c- plants differ from th^ alpine forms not only morplio- 
n.a also physiolopeally. On the other hand, distinguish- 
•l eie found within the lowland population ; for example, 

foardSw^^^f ‘iiffered in certain 

_al details from those gathered at Oland, and the 

.on of these two types as colonies within the lowland 
iuch have maintained their respective morphological 
L account of purely geographical isolation, may be 
Such types are termed by Turesson seclusion L,, 
Giegor ( 1981 ) has suggested the term geo-ecotype 
iihich owe their characteristics to theii*geographiral 

Lion arises as to whether cect. pediacus has been evolved 
feme populations through selection of biotypes for 

jdso contained a number of water forms {e.g. 

- an Htppuns), and the argument has been put 
■yhe climate was far from being Arctic. But on 

. ((• very slight morphological differences between 
m ica ypes of a species, conclusions from fossil 
I of a particularly reliable nature. Many of our 
4es are split up into a number of specialised climatical, 
y^es or ecotypes, a fact which seriously complicates 

lav'w’frb'°en°^ "" ^ formerly glaciated 

t <iy well be that our common 
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case ot apospory, nueellar embr 
forma ampM-apomicta . or amphial 
aapm,). 

It is clear that in biotype popidat 
is replaced by apomixis, tlie 
cannot interbreed, 
are built up exclusively of 
and Antennar 


ions where sexual reproduct 

apomicts within such a populati 
Frequently extensive biotype-compoui 
aponiicts {e.g., Alchemilla vulga 
-la alpma), and in these eirciunstances such co 
pounds represent units of a different nature from those discuss 

previously, and the term agamospecies is suggested to cover un 
of this nature. '^vci un, 

Turesson has applied his methods and reasonings to the distrib 
tion of alpine floras, especially in connection with the nature 
glacial relics. It has frequently been assumed that isolah 
occurrence denotes antiquity. The distribution, for example, 
e alpines Polygonum vivipanm, Arctostaphylos alpina ai 
Pedtcuhns sceptTum carolinum in the lowlands of Sweden w 

?rortt*n Social relics left ovi 

from the period following immediately upon the melting of tl 

the lowlands must be interpreted as recent immigrations 
For the experiinental testing of the relic hypothesi. 
alptna was selected from a number of different loealit- ' 

width’ f ^ ^^^aiacters used for comparison were length ai 
sTem leaf T"' ’ 

stem leaf, and length and number of flowers in the spikele 

SieT^d-' • «how!d thi 

dSetnt eT"" P^’P^^^f ean be split into thr( 

(otet. mbalptnus) and a lowland ecotype (oect. pediacus). Tl' 

both^mo:ro7l 77 alpine and sub-alpine >’ 

both morphological and physiological features. For example 

water requirements are low, whereas met. alpinusZTfli 

po^lnT tr“‘’ "P “ 

position in this respect. 

The distribution of oect. pediacus is very restricted, andJ 
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observations on the genetics of wild grasses in relation to tlieir 
distribution. The majority of perennial grasses are self-sterile, 
whereas the annuals that were tested in this case were found to 
be self-fertile, though it does not necessarily follow that they 
are self-pollinated in Nature. The occurrence of self-sterility in a 
population is of impoi'tance in the study of wild populations, 
since , in a highly self-sterile population the production of seed 
depends completely upon cross-pollination. 

The examples studied were Lolium perenne, Dactyiis glomerata 
and Phleum pmtense, bII of which are important agricultural 
grasses. The characters of Lolium perenne were found to be 
highly variable. Some of these characters were readily influenced 
by environment, and were therefore modificatory in nature, 
whilst others were not appreciably affected by environmental 
factors, and behaved as variations. The most extensive observa- 
tions were made from plants obtained from a coastal area. The 
most pronounced feature of the plants from this region was 
their prostrate habit of growth. Although grown for two years 
at Corstorphine, and showing more vigorous growth than in their 
natural habitat, the plants still retained their low habit of growth 
and other characters. This prostrateness of form was at first 
thought to be due to the direct effect of the extremely close 
grazing by rabbits and sheep that the plants had been subjected 
to in their natural environment. Hand crosses were made between 
several similar phenotypes. The progeny were not uniform for 
the flat character, thus indicating that the parents were not all 
of the same genotype. 

> Since all the individuals collected from the one population 
showed the prostrate habit of growth, and when allowed to grow 
naturally, without cutting or grazing, they retained this habit, 
and, lastly, they were not all homozygous prostrates, selection of 
some kind must have made the population phenotypically alike. 

The suggestionis put forward that this uniformity of phenotypes 
is due to the heavy grazing, and only genotypes which could 
produce like phenotypes under these conditions were able to 
. survive and set seed. If these prostrate plants be compared 
! with the erect commercial varieties, it is found that the great 
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Pf alpinum 


anjphidiploidy 


of different crosses otPMeum 
pmtense x P. alpinum. (After Gregor, N. Phyt.) 

The leaves are generally long and broad, and this 

It ever, IS common on ' 

In the second 

was very prevalent, and it was a low- 
that described above. TI 
\corms were poorly deveh 
completely absent. . This 


™ group scarcelj 
.closely grazed pasture ground. 

group [h)j the British ‘‘ Wild ” form, tilleriaf 
■growing form compared wf| 
:ems were slender and hapy 
- in some plants they woii 
also distinguished from (a) bJ 
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j smaller seed size, and leaf length and breadth were variable 
.•^n general terms, this group is suited to grazing conditions 

Groups of smaller magnitude were also distinguished within 
; these two groups. The particular forms studied under uniform 
cultural eonditions showed differences in growth-habit es 
prostrate decumbent, ascending and erect. Though of’lesJr 
magnitude, these groups are of ecological importance 
Reciprocal crossing was attempted between the two groups 
and faiM m al cases, and no seeds were obtained. In ofder^o 
differentiate between the two P. pratense groups, crosses were 
made between members of each group and the species P. alpinum. 

0 difficulty was encountered m obtaining hybrids from Group (b) 
P.prateme x P alpmum (Scottish), i but in only one case ms a 
hybrid obtained when Group (a) P. praie,^se x P. cdvZm 
(Scottish) was crossed. ‘ 

M the hybrids obtained from the mating Group (b) P mnfPn.P 
X r. .^num (Scottish) were found to be aW LtoCS 
Nevertheless from some .600,000 unprotected flowers of F, plants 
growing m the experimental field, four seeds which germLted 
were obtained The fertility of these four plants was as follows : 
(1) wfo and female sterile ; (2) some normal pollen grains pro- 
aT (3) male sterile, comparativdy female 

^ ^ pollen production equal to P. praiense and P almnum 

..imparatively female fertile. P^num, 

When the F progeny were back-crossed to P. alpinum 
(Scottish) only^five hybrids were obtained, all of which “ 
male and female sterile. The single hybrid obtained from the 
cross Gm\xp {a) P. pratense x P. (Scottish) failed to 

and the phutt waa fobua to brn..ie 

a diagrammatic representation Of the various crosses. 

The failure to obtain hybrids between Group (a) x Groun 
>mbined with the further fact that there is a maiLd differa, 

h) X P. alpmum (Scottish) is crossed, confirms the 

' that the Scottish form of P 

y^me numberr^ utilised, both as regards habit of gi”. 

X nneci 
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e^ complements of v, 

In , Gregor & Sansome, 

as v^Mcation otP.pratense into two 
lat de§f bears on this point. 

)rms w is apparently the basic chromo« 
pplfnromosome complements of the v 


groups. The cytologioi 
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above are sliown in Pig. SB. The cross between P. prateme (2n) x 
F. alpinum (4?i) gave several plants with the 3n number of 
chromosomes. These hybrids were partially sterile, but gave rise 
to four plants, three of which on examination proved to be hexa- 
ploids. The triploid hybrid, however, was found to be more 
fertile when pollinated with P. alpinum (4n), and several plants 
were obtained in which the chromosome number ranged from 
26 to BO (somatic). It is probable that the hexaploids arose 
from the fusion of gametes having the somatic (Bn) nmnber of 
chromosomes. In such a hybrid as the Phleum triploid it is 
possible that in self-fertilisation a zygote is formed by gametes 
arising from restitution nuclei rather than by the normal process 
' of meiosis, which in a triploid is irregular. The reduction division 
in a triploid will give rise, as a general rule, to gametes with 
chromosome numbers which range from n to 2n, but on occasion 
I . the chromosome number may be higher. 

I The cross P, pratense (Group (a) (6n) ) x P. alpimim (4n) was 

1 ’only obtained with difficulty. The single plant obtained from 
this mating was completely sterile and a pentaploid, the pollen- 
mother-cells of which contained univalents, bivalents, and 
compound structures of higher valency at the heterotypic division 
of meiosis. 

I The cytological facts given above offer a fairly satisfactory 
interpretation of the behaviour of P. pratense in breeding and of 
' its relationship to P. alpinum. The facts appear to show 
that the plants observed have a common phylogeny, and the 
fact tliat P. alpinwn can be crossed with both Group {a) and 
Group {h), while these, up to the present, have not crossed with 
one another, is to be expected on cytological grounds. i 

The two groups within the Linnaean species P. pratense also / 
exhibit different habitat preferences. Group {a) is mainly; 
confined to moist habitats, whilst Group (&) is found principally 
in drier situations. This type differentiation is further influenced 
by the prevalence of grazing animals. It would seem that^ 
Group (a) cannot survive under severe grazing conditions, for it*’ ^ 
is seldom if ever to be found in old, heavily grazed pastures. ^ 

It has already been shown that it is possible to conned f 
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P. alpinum (4«) with both forms (2k and 6w) of P. pratense, L., and 
to bridge the sterility gap between these forms by employing 
hexaploid individuals (see Fig. 32). It may therefore be con- 
cluded tliat the Linnaean species P. alpinum and P. pratense 
constitute a natural group, or, in Turesson’s terminology, a 
coenospeeies, comprising several groups of lesser magnitude, 
ecospecies, and these contain still smaller units, ecotypes. The 
present position may be shown as follows (Gregor, 1931) • 

Coenospeeies 

PHLEUM PRATENSE— ALPmUM 
Ecospecies 

P. pratense diploidium. P. alpinum diploidiuni. 

P. pratense hexaploidiurn. P. alpinum Uiraploidium. 


Ecotypes 


(Ecotypes of P. alpinum also exist.) 


P. pratense 2n prostfatum. 
,, decumbens. 

,, ascendens. 

,, erectum. 

,, 6« decumbens. 

,, ascendens. 

rt erectum. 


The genus GaZeopsi's has been studied both genetically and 
cytologically by Muntzing, and special attention was paid to the 
delimitation of species and polymorphism in the genus. Galeopsis 
is divided into two subgenera, subg.. Ladanum and subg. Tetrahit. 
The former group contains the sub-species G. Ladanum, G. 

G. pyrenaied, G. ochroleuca and G. Reuteri, while the 
is composed of four sub-species, G. Tetrahit, G. bifida, 
pubescens, and G. speciosa. The species are self-fertile and 
more or less autogamous, and the degree of self-fertilisation is, 
the average, inversely proportional to the flo’syer size. 

ccific and inter-specific sterility in the two sub- 
the various factors involved elucidated. 
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The original should be consulted for the detailed results, which 
are numerous (Muntzing, 19B0). 

In the sub-genus Ladanum, of the four species investigated, 
Ladanvm, angustifoUa, ochr oleum and pyrenaica should theore- 
tically give six hybrids. Of these six, five were experimentally 
realised, while one cross, pyrenaica X angustifolia and the reciprocal 
cross invariably gave negative results. The cross ochroleuca X 
pyrenaica W&.S only obtained with considerable difficulty, but the 
other crosses succeeded with greater ease. Thus the position of 
G. pyrenaica is somewhat isolated, and under natural conditions 
it is possible that it may only hybridise with (?. angustifolia, 
G, Ladanum^ on the contrary, forms a group with ochroleuca and 
angustifolia in which all three possible combinations are realised 
with comparative ease. 

Of the five different kinds of hybrids obtained, all were partially 
sterile to the same extent. The exception, however, was 
ochroleuca X pyrenaica, in which the plant was quite as vigorous, 
if not more so, than the parent forms. The Fg and Fg generations 
showed great and often transgressive variation, and some of the 
segregates were markedly inferior in vitality. These results 
agree wxll with the fairly large morphological differences between 
some of the species that were crossed. G, Lada^ium and G 
angusiifoliayho-wtYtT, are morphologically somewhat similar, and 
have beeii occasionally united into one species by systematists. 
The genetic results obtained in this investigation show that 
genotypically they are quite as different as the other species. 
The cross between them succeeded with difficulty, and the 
generation was luxuriant and partially sterile. Moreover, 
angustifolia, in contrast to Ladanuni, Q&imot hybridise with 
pyrenaica, ^ 

From the iiterature on the' subject and the i^esults of this 
investigatiGn, it is clear that G. Ladanum, and especially 
G. angustifolia, are highly polymorphic forms. Transitions also 
seem to occur between them in Nature, which gives the impression 
‘ of an intercrossing population in which, through natural selection, 
two groups have arisen, Ladanum and angustifolia. 

The species belonging to the sub-genus Ladanum, with the 
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exception of pyrenaica End have -i w^rl 

distribution, but with different ecoloe'ic'il A 
angustifolia is a typical lime nlant claims. Thus, 

best on sandy soils, and pyrenMca and thrives 

form, Tim ecological diflLntiatta, lui !!?“““,? T"”**” 
cpmea Imdta iu epi.e of spootaoeom species , 

Other words, the whole sub-aenus is a or^ ^^hiidisation, or, in 

several ecospecies. ^ comprising 

The chroniosonie iiuniber in f-hf» cnk -r •. 
in the G. TetrahU group, n = 8 forr^'^7'‘® Ladanum is n = s, 
whereas G. TetrahU and C h/ttrJ * a,nd G. speciosa, 

found that o.oss-combhdLr,SZl,fx»"“*' 
Xetraht X bifida ffa.ve vis-orn 7 i« c.,n ^ and 

whereas crosses between thTs a.'fl/er^^ 
embryos which soon died. Thin, the s, f 

^OUPS. HiTilTeS::";;'^ 

described as being eompleteJy sterile - th fats’"'”! 

uu-orrect, as Miintaing has found thit tV, “ es-idently 

and that they gave a his^hlv nn] i were partially fertile 

bi/i* group, and tte mtnf rill «■' 

Oft-Uon o", the *''' 

probably due to the polymorphism of tn ^ this oversight is 
slight morphological species diL, ^ parent species, the . 

the hybrids areL coS^Sr’ 

or back crosses, give iSf to f 

extremely confusing and trn!,Ki ’«^hich must be 

as in othL caseHL ptm't 

variable, from unknown causes Jut in escribed as being very 
to species hybridisations ’ * ”ot due 

false conclusionf. Thl wS leads to 

m this work have shown that the ent^'°"^“® experiments used 

that the entire mnge of forms in sub- 
to two, and only two, species- 
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cross combinations, Tetmhit X bifida and puhescens X speciosa. 
Under natural conditions these crosses result in two large poly- 
morphic populations, characterised by the haploid number of 
chromosomes of 16 and 8 respectively. Within each group there 
is a clear division into separate units. Thus, the coenospecies 
pubeseens-speeiosa comprises the ecospecies puhescens and speciosa^ 
the coenospecies Tetrahit-bifida comprises the ecospecies Tetrahit 
and bifida. The ecological conditions leading to the formation 
and preservation under natural conditions of these ecospecies are 
at present quite unknown. Muntzing gives the following diagram- 
matic representation of the natural grouping and the possible 
cross-combinations of the Galeopsis species — 



It will be seen that there are three different intersterile natural 
groups, the coenospecies, Ladanum^ pubeseens-speeiosa and 
TetraMt-bifida. Each coenospecies is in turn composed of ecospecies 
which hybridise under natural conditions, and the result is the 
marked polymorphism shown by the genus, but the species 
limitatfei is upheld by selective elimination. 

For similar results to this work on (laleopsis^ the papers by 
Clausen on Viola /ncoZor should be consulted, in which it is 
shown that Viola tricolor is a coenospecies, which is made up of 
at least three ecospecies, V. tricolor in the strict sense, V. a7vensis 
and F. alpestris. See also in this connection Heribert-Nilsson 
on the hybridisation of S alias caprea X S. viminalis. 

Classificatory Units. The question arises, What are the kind 
of units that should be used in a system of classification ? The 
ideal of the taxonomist is to devise a natural system of elassifica- 
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tion, that is, a system based on natural relationships between 
the various forms composing the system, or, in other words, that 

there should be a pbylogenetical foundation of the units' used 

in such a system. 

Whatever standard is used to delimit the units of a classificatorv 
system, it will generally be agreed that these units are composed 
ot a greater or lesser number of biotypes. In the case of plants 
which reproduce sexually, biotypes within such a unit are free to 
hybridise, and the biotypes belonging to one group may often 
produce fertile offspring when crossed with biotypes from another 
. group^ differing widely in external morphology, and the hybrids 
may frequently differ very considerably in external form. The 
fact that the offspring of these crosses are fertile, and the relatively 
frequent occurrence of such hybrids in Nature, undoubtedly shows 
a close genetical similarity, whereas the morphological similarity 
IS so smrfl that they have come to represent time-honoured 
species. On the other hand, crosses between biotypes of close 
morpholog-ical similarity often give negative results. It cannot 
however be eoncluddd on these grounds that failure to inter’ 
breed mdicates no genetical relationship. The result may be due 
to differences in chromosome number, or to the failure of the 
pollen pains to grow on the foreign stigma. But on account of 
similarity in external morphology inter-sterile biotypes of this 

kind are grouped in one and the same systematic unit. 

Since morphological relationship is a poor guide to phylogeneti- 
cal relationship, and, further, since cytological and genetical 
methods are also poor m this respect, the phylogenetic grouping 
of biotypes becomes ^ difficult and complex problem. As 
luresson has pointed out, natural definiteness of biotype groups 
does not necessarily involve common descent, and, secondly 
a classification of biotypes in definite and natural groups is 
attainable without resort to any phylogenetical speculations. 
The guidmg principles of this classification are based on genetical 
: and ecological data and compose his genecological units, which 
, have been discussed above. 

It will be remembered from this and other work on the subject 
that the speeies-units, and, not least, those of Linn^an rank, of 
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traditional taxonomy represent compounds of very different 
order and magnitude. On occasion, the Linnaean species matches 
luresson’s ccenospecies, in other cases it corresponds to his 
ecospeeies, and m yet others it corresponds to his agamospecies. 
bo that It becomes difficult if not impossible to formulate one 
® <ird definition of a “ species ’’ in such circumstances. 

It is the ecospeeies that is of the greatest importance in this 
^ connection, and its behaviour throws much light on the origin of 

sub-specifle units. Whether the geographical distribution be 
» wide or restricted, the ecospeeies will still consist of a greater or 

j. lesser number of biotypes. If these different biotypes were 

allowed to multiply in a certain area free from competition and 
under uniform conditions, it would follow, from all the 
possibilities of interbreeding, -that only one kind of unit would 
obtain, namely, the biotypes themselves. Under natural con- 
ditions, however, there are always barriers to free intermixture, 
splitting up the biotype-body into still smaller units, each contain- 
ing a diverse number of biotypes. Climatic banners are of 
prune importance for the origin and maintenance of the group- 
isolations of biotypes found within the ecospeeies. Corresponding 
to the change m climate, there is a change in the biotype charac- 
teristics of the ecospeeies, and this change can only be explained 
by the selective influences of environmental conditions on the 
4.. biotype-composition of the ecospeeies in different climatic regions. 

^ Thus, owing to differences in climate, the biotype compound of 

I the ecospeeies is split into smaller groups, each specialised for a 

^ special type of climate, and these groups remain isolated, since 

the non-specialised biotypes which occasionally make their 
appearance in the respective groups would be eliminated steadily, 
f bimilarly m edaphmally diversified places several distinct habitat- 

poups may be discovered, each characterised by definite and 
hereditary biotype characteristics. These climatic and edaphic 
^ units, arising and maintained by the sorting and controlling effect 

; of climate and habitat-factors, are the ecotypes. 

These ^ecotypes are of prime importance for a genecological 
stem of elassification, andmorpholpgieal methods are altogether 
iite insufficient for the classification of ecospeeies into ecotypes. 
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Ordinary taxonomical methods cannot reveal their presence 
although it is of the greatest importance to recognise their presence 
for the understanding of the geographical distribution of the 

particular species. 

Although analysis of genetical relationship offers the only 
means at present of distinguishing between hereditary variations 
and environmental modifications, and is therefore necessary ih 
the study of sub-specific units, this analysis only brings us dovm to 
the ultimate units, the biotypes, but does not aid in the recognition 
of the grouping of biotypes in Nature. Here it is the ecological 
relationship between the biotypes that is the deciding factor 
and, according to Turesson’s dictum, “ the ecotypes fulfil the 
requisites of sub-specific units, originating through Nature’s own 
grouping of the biotypes.” 
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REPRODUCTION 

Introduction — Plasmodiophorales — Mycetoma — Phycomycetes — 
Chytfidiales—Oomycetes — Ascomycetes, 

. Introduction 

It will not be possible in the space here to describe more than 
a small section of the numeroxis problems connected with the 
Fungi. The annual output of papers dealing with this important 
group of plants has now reached enormous dimensions, and in 
the circumstances a purely arbitrar}^ selection of subjects and 
investigations has had to be made in these pages. 

It is proposed in this chapter to deal with the life-histories of 
a few of the lower fungi, e.g., Plasmodiophorales, Mycetozoa and 
Phycomycetes, and to discuss the still debated question of whether 
or not a double fusion of nuclei occurs in the Ascomycetes. The 
two succeeding chapters will be devoted to the question of 
heterothallism and the problem of mycorrhiza. Since 191 g a 
number of important papers have appeared on the phenomenon of 
heterothallism exhibited by the higher Fungi (Ascomycetes and 
Basidiomycetes), especially from Canada, where Buller and his 
co-workers have described a number of curious facts, and also 
from the Continent, where Vandendries, Kniep and others have 
contributed their quota. In this country, Dr. M. C. Rayner has 
made the problem of mycorrhiza, especially in the Ericales, 
peculiarly her own, and for a more detailed account of the subject 
her monograph {Mycorrhiza) should be consulted, Mr. J. 
Ramsbottom has also contributed in the elucidation of the 
problem of mycorrhiza in the Orchidacese, while the exotrophic 
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mycorrliiza of forest trees has now been made a sublet 
investigation. • 

Plasmodiophorales 

a small and isolated 
ery evident relationships with ( 
on the roots of higher 
is responsible for a large 
crops, and is the cause of i 
“ Anbui-y ” or “ Ch 


-The Plasmodiophorales form 
the Fungi, with no v 
They are obligate parasites 
Plasmodiophora brassicce 
damage to Cruciferous 
“ Finger-and-Toe ” disease. 

Crucifers. 

The investigation of this gn 
work of Woronin on Plas 7 nod 
from 1873 to 1877, and was foll< 
gators. Plants attacked by 
swellings of irregular shape on 1 
swellings increase in size, and 
as the healthy roots, have a fir 
As they age, the colour changes to browi 
and finally they become resolved into a bro 
The life-history may be briefly described 
tumours, cells are found which contain nuci 
of various shapes. They are at first few ir 
cell, and, being more or less hyaline, are d 
distinguish from the cytoplasm of the hos 
contain but few nuclei, tWo being the sm 
increase in the size of the amoeba, ther 
which. IS unaccomnaniefl 


as prot^mitosis,” or occasionally as 
I For an actount of the reinvestigation 
; Plasmodiophorales, the paper by Cook . 
, be consulted K a summary of this work 
: Potanical Secfei of Recent Advances in 

in th^s/ J’"* forward the claim 
1 protomitosis has been 
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la their early stages the amoebae have the power of coalescing 
and forming plasmodia. This is not a process of conjugation, but 
merely association in a manner similar to that of the Mycetozoa 
(see below). With increase in size of the vegetative soma, the 
daughter nuclei again divide by protomitosis. The final stage 
in the growth of the plasmodium is marked by a change in the 
character of the nuclei. When the amoebse are mature the 
karyosomes or nucleoli disappear, and the nuclei appear as 
vacuoles lying in the cytoplasm (akaryote stage). At the con- 
clusion of the akaryote stage the nuclei become supplied with 
fresh stainable chromatin and proceed to divide by ordinary 
mitosis, and two nuclear divisions take place, distinct 
chromosomes being differentiated. These two divisions are 
usually held to constitute a meiotic phase, the first being a 
heterotypic and the second a homotypic division. The two 
nuclear divisions are followed by furrowing of the plasmodium 
cytoplasm, and the whole organism is divided up into a number of 
small fragments, each composed of a nucleus and small amount of 
cytoplasm. These bodies constitute the spores. The spores are 
at first naked, but later become surrounded by a spore wall. 
Decay of the host tissues releases the spores into the soil. 

Up to recent years there were several gaps in the life-history 
of this form. In the first place, nothing was known of the fate 
of the spores from the time they were released from the decayed 
host’s tissues to the reappearance of the parasite in a new host. 
According to Woronin, who unfortunately does not state under 
what conditions he made his observations, the spores give rise 
to a single naked body, which is drawn out to a long flagellum at 
its anterior end, a so-called ‘‘ my xofiagellate,” Secondly, the 
method of infection has never been satisfactorily settled. Chupp 
has made an examination of this point and described the presence 
of amoeboid bodies in the root hairs, which he considered divided 
up to form spores. Lastly, there is the question of the position 
of nuclear fusion in the life-history. If the view that the last 
two nuclear divisions in the life-cycle constitute a meiotic phase 
be correct, there must have been some point at which nuclear 
fusion oecurred. P. M. Jones investigated the life-history of this 
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parasite iindeivcultural eonditw^^^ and ekiiued that the swarm 
spores released from the spores fuse in pairs to produce a zygote 
which eventually formed a new plasmodium. Two kinds of 
gametes were produced, laj-ge and small, and Jones held that they 
botii came Irom the same source. 

The life-cycle of Ptemodmp/mra brasswa; has recently been 
reinvestigated by Cook and Schwartz. It was found that the 
spores germinated wjth difficulty, and the most satisfactory results 
weie obtained m Ivnop’s culture medium with the addition of 

to 2 per cent, glucose. Swarm spores were discovered in these 
^lutions, but their emergence from the spore was never observed 
ethei the swarm spores that were, in fact, discovered had 
anything to do with P. brussic^e is a very moot point, since t£ 
authors themselves state that they were unable to obtain com- 
pletely pure material of the parasite. The statement that these 
odies were only found thij-ty-six to forty-eight hours after 
introduction of theinfected material into the solutions, does not 
materially help their argument, for other and foreign spores that 
also happened to be present might have taken a similar time to 

Sr ™ «t-^tures witl a 

ngle apmal flagellum. Similar structures were also found in 
bhdes made from very young cabbage seedlings. 

nvestigation of the process of infection showed the presence 
of small spherical bodies lying near the tips of root hairs of youna 
seedlings. No flagellum was present, but a nucleus with a welh 

le powei of slow amoeboid movement, and eventually travelled 

oWvcdt r' Peiietration of the root hlir was not 

observed, but many swarm spores were found in close association. 

and migi-ated further down the root hair 

formed^ divided, and ultimately a small plasmodium was 

nn^.f ■ + plasmodium might possess as many as thirty 
a IS stage. These plasmodia grew very rapidly and 
when mature, each nucleus became suLimded by a W of 
oLmo^d™’ and walls were laid down between them, cutting the 

slhwarfT “umber of separate bodies. Cook and 

Schwartz disagree with Chupp with regard to the nature of these 
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bodies. It will be lemembered that the latter regarded them as 
spores; Cook and Schwartz, on the other hand, consider them 
o be zoosporangia. After the separation of the plasmodium into 
zoosporangia, the nucleus of each zoosporangium divided to give 
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ie) zoospoynghim forming zooSres?®(^“o?sp^ 
jugation of zoospores ; (h) zyeote ■ ’ ' 

The\”ll tf surrounded by a mass of cytoplasm, 

mal th now collapsed, and the zoospores 

made their way to the exterior. The zoospores were sLn 
.spindle-sliaped bodies, with a single flagelluni 
Wese zoospores were found to migrate from 't^ 

epideimal and cortical layers of the root; and passed down into 





the root tip. In certain cases binueleate structures were found 
and the assumption was made that the zoospores can, on occZn’ 
function as gametes and fuse in pairs AftPr- +h r ■ 

»osp„„, to eive . .ygote, 

formed, as in the root hair, and the nuclei at first divide K 
protomitosis. Later, the akaryote stage was passed thrl 

this .was followed by reformation of the nrcLfan^^^^^^^^ 

mitosis. Cook and Schwartz measured the average diameteTf 
the metaphase plate in the first division of th^ twla of 

in the Plasmodium, and found it to be 1 I .1 

metaphas^plate in the ensuing division wL^o^rtTS 
It IS therefore possible that these two divisions do in 
stitute a mdotic phase, ,„d that the spores which .re fomS 
CO, ton the haploid number of chromosomes. 

A diagrammatic representation of the life-historv of P h.r. • 
as described by these two investigators, 

Mycetozoa 

=:=?£S‘HS="-? 

4 s: :fd s 

indebted to Dr. Elsie CadmahforZ r "f^Pootively, and I am 

rhSrssz"'-” 

4 to 6 inches in diameter. It consist* of o i-i • •, , ’ usually 

which is found o 1 a, thin, silvery skin within 

»h.oh ,s found a large mecs of ohocol.ten»lour«i spores. The 





. 35 . — Reticularia Lycoperdoji. (l). ; 
section. (2). Telophase; the flaffella 
and constrietion of the cell can be- 
fusion ; gametes connected by a stri 
fusion ; the gametic nuclei have fuse- 
separate ; six swarm-cells are coaleseir 
modium showing both nuclei in the dia 
(7). Anaphase of homotypic division 
man, Trans. Rot/. Soc. EdinA 
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interior of the sporangium is divided by partitions which form 
pseudo-eapillitium. i ^ns wiuei, ^ 

“ The spore is turbinate in shape, about two-thirds of the 

nTfh7 i-e^ilarly rounded, and the remaining third Lm- 

mg a blunt cone with flattened sides ; its diameter fs about 8 ! 
.1 e spore wal vanes m thickness and structure in its differed 
parts the wall on the rounded portion being tliick and stmn f 
retmu ated, whilst that on the blunt eone is th^'^ w r7 l 
leticulation, but provided with a few short, dark-coloured sp'mTs 
After immersion m water for fifteen to twenty minutef th 
contents of the spore swell, and the coat is ruptured where ’it k 
thin and non-reticulated (Fig. 85, 1 ). The contents of th 
emerge as an amoeboid mass of protoplasm which m 

dong... .na b.co„es. the typic/ pe.tT^ed 
deeplystammggranule,theblepharoplast,ispresentattrenn \ 1 

which the swarm-cell swims about activelv Tlie'hlLhr ^ 1 
on^Mtes in the nndens and paste, out to the peripW S 
cell during the transformation of the amoehoW Jv F ^ “ 

matu... s«™..„, aad it ni.M ''nrirotlieSri^^^^^ 

toolens hy means of a striated eone-sh,ped stn.ctnre, the Bagellum- 

nucleai, and 4 chromosomes are present Aonflj-m n +1 

cell must pass through four or five dkH.’ 
is produeed whieh « 

MeS, mX“ ra^Shf 

rxt]rre-sr:: 

the fusion of nncldtd nu.leo" 
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lowarcis the completion of cell fusion, and before nuclear 
fusion has commenced, the pair of gametes exerts a strong poorer 
of attraction on the unpaired swarm-cells in the neighbourhood. 
These cluster round in large numbers and five or six of them become 
attached by their posterior ends to the fusing gametes (Fig. 85, 4). 

le piotoplasm of the attached swarm-cells mingles or coalesces 
icadily with that of the fusing gametes, and adds greatly to the 
bulk of the zygote formed. Meantime, fusion of the gametic 
nuclei has been completed and the large zygote, or plasmodium 
as It IS now termed, is dominated by a diploid nucleus. The 
haploid nuclei which entered the zygote from the coalesced swarm- 
cells disintegrate and are digested. The plasmodium is also able 
to engulf and digest entire, unfused swarm-cells. 

“ The nucleus of the zygote is very large, and soon divides a 
number of times. The division is intra-nuclear, without centro- 
somes, and 8 chromosomes are present (Fig. 85, 5). In laboratory 
cultures it was never possible to obtain plasmodia which contained 
more than 6 or 8 nuclei, and it is very probable that the 
plasmodium enters the wood in which it passes most of its life 
at a V ery early stage. The length of time which the plasmodium 
spends within the tissues of the substratum has not been ascer- 
tained, but It is possible that it makes its entry during the spring 
of one year and does not emerge to form the sporangium Ltfi 
the spring of the following year. 

“ The plasmodium emerges from the wood as a number of small 
masses, creamy in consistency, creamy-white in colour, and with 
a mulbeiiy-hke surface. These soon coalesce to produce a single 
^ Tge sporangium, 2 to 6 inches in diameter. The sporangium’ 

. gradually becomes smooth and rounded, loses the mulberrydike 
appearance, and a silvery skin begins to form. Within the 
spomngium the creamy material darkens and finally gives rise 
to chocolate-brown spores. j- use 

“During the progress of the external changes described above 

mternal changes also take place. Much of the protoplasm pr^cut 
degenerates to form the wall and pseudo-capillLm of the 
sporangu™. In the protoplasm which does not degeneraS the 
nuclei undergo typical heterotypic and homotypic divisions, which 
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are mtra-nuelear with four chromosomes, and no eentrosomes are 
present (Fig. 35, 2)._ Following upon meiosis, the protoplasm is 
cleaved into successively small portions until uninucleate snores 
have been formed.^ The spore-wall is laid down in two lavers 
an extine and an intine, and during its formation considerable 
activity IS displayed by the nucleus and protoplasm of the spore 
The extine is provided with an additional.layer of thickeniim over 
two-thirds of its surface, which is laid down in the form of pev-like 
masses of colourless material. The reticulation of the surface 
over this area is due to the contraction of the spore as a whole 
during the ripening process, which causes the outer layer of the 
extine to fall into folds. The spines which are present on the 
remaining one-third of the surface of the spore are also due to its 
contraction during ripening. 

The sporangium in Didymium nigripes consists of a spherical 
head and a massive stalk. The head of the sporangium is thickly 

crystals of calcium carbonate, 
^e stalk IS dark-brown or black in coloiSr, and tapers from a 
road base to a point at its junction with the head. The 
sporangia are frequently found on decaying vegetable material 
particularly on, dead leaves. ’ 

The spoie is spherical in shape, dark-brown in colour, and 
legu ai y studded with stout spines over its entire surface The 
spore IS layer thick and there is no definite thin portion, 
so that It differs markedly from that of Reticularia. The contents 
of the spore swell rapidly after immersion in water or a nutrient 
solution and rupture the spore-coat in about thirty minutes. 

,, P and nuclear division followed by 

cell division, takes place, resulting in the formation of two swarm- 

small'fla'"V“^?" through the fissure in the spore-coat, with a^' 
small flagellum already present, about one and a half hours after 
the spores were immersed in the liquid (Fig. 36, 1). 

Reticukma, 
amoeboid condition. During 


, _ o t irty-six hours after its emergence it divides 
■ '*es, the divisions being extra-nuclear with 4 


^ 1,1 a-iiu Clear witn 4 

descendants then become transformed into 

• * .4 ■■ .. , 
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myxamoebae in which flagella, blepharoplasts and flagellum-cones 
have disappeared. The myxamcebas function as gametes and fuse 
in pairs, as in the case of the swarm-cells in Reticularia (Fig. 36, 2). 
No coalescence of unfused myxamoeba;, or of swarm-cells, with'the 
fusing gametes has been obseiwed. 

“The uninucleate plasmodium does not increase in size by 
nuclear division, as it did in Reticularia. Coalescence of small 
plasmodia with those which are larger takes place. The 
uninucleate plasmodia do not develop uniformly. Those which 
are first formed probably develop more rapidly than those which 
are younger, and are in a condition earlier to ingest unfused 
nyxamoebffi. Therefore the older plasmodia soon become 
distinctly larger and apparently form centres of attraction for 
smaller plasmodia which contain no inclusions. The latter 
cluster round the former in large numbers and coalescence takes 
place (Fig. 36, 8). Since all the coalescing structures are diploid, 
the iruclei which enter the central plasmodium are not digested, 
but increase in size and become useful nuclei of the lar-^e 
plasmodium. The latter, therefore, is enabled to increase the 
number of its nuclei very rapidly without the process of mitosis. 
The larger the plasmodium the greater its power of attraction for 
those which are smaller, and the final result is usually a single 

large plasmodium with which all those which were smaller have 
coalesced. . 

“ It is almost certain that the process described above is the 
means by which the plasmodium attains its adult size in nature, 
and this probably accounts for the fact that nuclear divisions in 
the plasmodium are difficult to secure. It is only occasionally 
nr very large plasmodia or in plasmodia which are somewhat 
isolated and have no opportunity of coalescence that divisions 
nray be obtained. The divisions resemble those in the plasmodium 
, of Reticularia, for they have 8 chromosomes, they are intra-nuclear, 

; and centrosomes are absent. 

“ When the mature plasmodium is about to form sporangia, the 
protoplasm becomes heaped up into small, irregular masses 
nch rapidly bVome globular in shape. The rounded masses 
ot protoplasm are'^ite white in colour, because all impurities 
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have been, left behind on the surface of the aiitrient medium. 
The massive stalk is gradually built up from degenerating proto- 
plasm ; the sporogenous tract being confined to a very narrow 
layer on the periphery of the globular head. The capillitiuni and 
wall of the sporangium are laid down very early and before any 
development of the sporogenous protoplasm has taken place. 
The threads of the capillitium are laid down on the walls of furrows 
which pass inwards from the surface, and outwards from the 
columeila in the centre of the columella. The walls of these 
threads and the walls on the surface of the sporangium and 
columella are probably formed as a result of a chemico-physical^ 



Fig, 87. — Didymimn iiigripes var, xanthopus, 

a young sporangium at noon, (a) Furrow containing 
thread. (After Cadman, Tram. Boy. Sod. Edin.) * 

reaction taking place on the surface of protoplasm exposed to 
air and controlled by the protoplasm itself (Fig, 37). 

“ Meiosis and cleavage of the sporogenous protoplasm occur 
simultaneously. Meiosis, as in Reticulariay consists of typical 
heterotype and homotype divisions. These divisions are intra- 
nuclear, 4XT-shaped chromosomes being present in the hetei'otypic 
division aitd 4 spherical chromosomes in the homotypic division. 
Centrosomes, however, are absent. The final cleavage of the 
sporogenous protoplasm to form single spores takes place during 
the concluding stages in the homotypic division (Fig. 36, 4). 

“ The spore-wali consisting of a single layer is deposited in 
the same manner as in Reticularia. After its deposition a certain 
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amount of material is left behind in the forr 
whieli is gradually absorbed by the develor 
As the spore ripens the protoplasm withi- 
wall falls into wrinkles which form the 
foimd scattered over the surfaee of the mature 
nidi/mmm nigripes is most probably 
of the ilycetozoa than Reficularia Lycoperdon 
view IS to be found in the presence of 
amoeboid, in place of flagellated 
plasmodia instead of r" 
instead of a false capillitium.” 


ot a crystalline mass 
ig spore (Fig. 36, 5). 

m contracts and the 
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There has been a revival of ii 
of the Chytridiales, and. 
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The life-histories 
adequately by two 
(VergUichende Morphologie der 
Barnes {Strud 

forms need be considered here, 
in the study of the life-histories 
the publication of the two 1 
papers have appeared describi 
and interesting fungi. With re 
(Oomycetes), Kanouse has pub! 
moulds, and considers that the S; 

; j sub-division (see below). 

Chytediales. Bayley Butler and Buckley, and also E J But 
have described the life-cycle and morpWog; of 

I > paxasitmg the OYnot Fasciola hepatica, the liverfeke of sheep 

5 Jso pfesenr'T’''V^ and claimed that it . 

; : ^so present m the thalli of Nitella. Up to the time of th 

" known hosts of eafenana w, 

? ^ “ ?h?form t ™k’ the cysts of infusoria. 
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. Fig. 38. — (1). Sporangium with small and evenly distributed granules. 

(2), Contents of sporangium now becoming vacuolate. Outline 
of a second sporangium developed from the same thallus can 
be seen. The narrow portion of the thallus between the two 
sporangia, the isthmus, is empty. (3). Zoospore formation com- 
plete. (4). Earliest stage of thallus formation. A main re- 
curved axis formed by a rather stout hypha with irregular 

swellings and with a single blunt branch at the top can be seen. 

All the other branches are rhizoids with exceedingly thin walls. 

No septa are visible at this stage. ( (1). (2). (3). After Bayley 
Butler and Buckley, Sci, Proc. Roy, DuhL Soc , ; (4). after B. j. 
Butler, Bot,) 

life-history and method of entry into the ova has been conducted 
by Bayley Butler and Buckley, while E. J. Butler has carried out 
a morphological examination of the fungus in the egg. 
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ihe zoospores are unieiliate and i , 

part of their free-swimming life, but towqr p 
penodthey become spherical -ukI *^his 

Wnt in some degree. In Jwimmhm Om 
the posterior position. The free-swinw^’ • in 

minutes to seven hours, and vvheu infectioifof 
take place the activity of the zoosnore« i ^ 
diminished. Infection may not ahvaVs t considerably 

the zoospore apiwoaehes the e<r<r for ■, Vei n “nmediatelv ; 

.away, and in some cases dot^ 

mfection and disintegrates. WheThoX f'"!’ at 

place, the zoospore comes to rest on the f ^ does take 

can be seen to be slightly flawed at apd 

membrane is now formed round tho contact. A 

firmly adhering to the ot: a frXXrb 
contents of the zoospore enter the eTti ' ^ The 

and form a cyst within, which is ati"” 1 - " *'"**^^ Perforation 

entry ,- this is the first sporangh m, 1 fiii ''"n point 
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o t le first sporangium, M'hich is rhizoid “”''"Prd out at the base 
granules can be seen 4hin tl m T ^ of 

concentrated into definite groupXlm ' d ’ i 

The size and number of sporanm-/vfl de\elopmg zoospores. 1 

twelve is a very usual number fo eacl7 ' ““^derably ; six to ' 
the sporangia may vary between 5o « an?fr diameter of 

variation in shape. Discharge of the ^^®o much 

through a beak. Prior to discharge th P^*rce 

the zoospores within a sporaiud.L “’V® activity among 
beak now takes place by the"' ^P®^ of thf ' 

h».»ph„ic.l cap which coven arx,”" ,”'’ “ 
zoospores are discharged. ^ eventually the 
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(contents of tliis mycelium retract into the swollen parts which 
are then cut off by septa and become sporangia, 
bchwartz and Cook have described the life-historv of a 

The zoospores here are uniciliate and pear-shaned 
'1 1} in n t le host is effected through a root hair. When entry 

tube into the hoet Inr”’* *'*■' through this 

the"L:t: f’ .CivT^^thS 

■ is sf formed within the root hair, which 

111 1 !*;““^fo*rte, but later becomes multimicleate the 

11 iclear divisions being mitotic in character, and quite dStin^t 
Chromosomes can be made out on the achromatic figure Du n * 
its whole period of develonmcnf- i-Ii/n • ■ uiing 

bv a cellulose wall ^ ' sporangium is surrounded 

DJ a cellulose vail. If two sporangia be present in the host cell 

they frequently increase in size without nuclear dtfeio r 
smal er approaches the larger, and a beak-like process is pul out 
whicli comes into contact with the wall of the Imger sporangitm 
faWifi ^ ® ^'as not observed, but Jas assumed to 

ItufZ’ T smaller was found to be empty 

while the larger now contained two nuclei. Presumably the 
sma ler sporangium is playing the part of an antheridium ^il! 

■ and TTr k oogonium. The two nuclei fuse 

.mid a tJiick wall is formed round the oospore. A number of 

mitotic diyisions take place, and a consfderable amount of 
c iiomatm is extruded into the cytoplasm. The contents of the 

oospore now divide up to form zoospores. This seximl moL^ b 

apparently nothing to do with the over-wlnterLTof 

the year, is 

■' l lischmw'lTtf " 

through an exit tube. 

‘fo^ fo-^i SStei fovestigated by 

sentntion.,:^g:ff*" and DfplopWi/cfe infestinl 

laaifaincdt Si* nlJ'f saprophytes on the 

' ■’-df - hehonorpha is a Chytrid of wide 

internodal and cortical cells of the 
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that have bee,rehf 

taristio pint colour 

ucleate autheridium and m,,u ^ ^ 

At the timeTfSS""?^^^ 
into contact with the j-m ^ 
ttheridium. The walls “ore frequei 

-ak down at fhe rSn^ ^ 

uclei present in the trichogyM^d ^ ^ 
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ASCOMYCE'TES 

and the second homotypic, and these togethe 
phase; a third division now follows, and it 


. 40— emfluem. ( 1 ). Oogonium showine fusion of 
mt f oWnfum shoA^^sfocS of 

lature of this division that has led to ' 

controversy in the group. In ‘ 

that the third division in the Glaussepand the 

. bearino- tho ® opinions with a good 
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meiosis bears to the fusion of the sexual nuclei. Por th; ’ 
reduction division the term was proposed 

first recorded by ber for HuZu T^e ^ 

Ch™„„,r in the nuelei of the ascogenous hyphe. hr the 
md second divisions in the ascus, and in the prophase of Ih. 
third division, ,ere sinteen, but in the telophase of the thW 

division eight were recorded. e tmrd 

The presence of k braehymeiotic reduction was described in ' 
sexjral other Ascomycetes, e.g., by Carruthers in Hehdla crism 
and by Fraser for Lachnea stercorea. In the latter, four chroma’ ‘ 

somes are described for the first and second divisions in the as^^^^^ : 

and two in the telophase of the third division 

a particularly able paper on 

Pyrme^ cmfluens, brought forward most cogent evidence to ' 
show that there was only a single nuclear fusion in the life-history 
(that in the ascus), and such being the case, the need for a second 
reduction division vanished. ^ 

In essentials the life-history of P. confiuens, as described by 
Uaussen was simitoto that given by Harper, but Claussen failS 

On^th'^ oogonium 

1":! demonstrated that the nuclei first paired 
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BRACHYMEIOSIS 


reduction or brachymsiotic division fell upon somewhat evil 

view^tr?^’ a good deal of revival in the 

J le^ that two fusions actually do exist in the life-history of these 

oi ms. , IS not necessary here to deal in detail with the various 

papers that have appeared supporting Claussen’s views. For 
example, S Jones has investigated the nuclear life-historv of the 
paiasite Rhyhsma Acerinmn which infects various species^of .4cer 
(nmple and sycamore). 'The archiearps are described here as 
aiismg as lateral structures, and several are found in each 
apothecium A branch destined to become an arehicarp may 
consist of from two to five cells, one of which is alwavs con- 

and no antheridmm was found to be present. Jones failed to 
( iscovei any fusions of the female nuclei in the oogonium but 
the nuclei paired and passed into the ascogenous hyphie, and the 
only lusion that could be discovered in the life-history w'as that 
in the ascus. Chromosome counts in the three divisions in the 
iscus showed that the chromosome number (five) was the 

absent! divisions and brachyineiosis was 

Ba_gchee has investigated the divisions in the ascus of Pusfularm 

itlTd ^ brachymeiotic division. The 

iiploidmumber of chromosomes in this species is 82 and 16 

hvision. In the next two divisions 16 chromosomes could be 
"ItmeSc! -- P-ely vegetative and not 

. It IS difficult in work of this nature to sift the prejudiced from 
. le unprejudiced investigation. The interpretation of a series of 
>hdes m any cytological investigation necessarily presents diffi 
_-ul les, and it is a simple matter for an investigatrt^Ltve 
ei am things that he is anxious to observe, especially if he is 
.uffering from preconceived ideas about the subject. It is clear 
rom a perusal of the literature that both the Claussen 
Diachymeiotic school hold their 
leal of tenacity of 






BEACHYMEIOSIS 


ml the only fusion iu the life-cycle is in the ascus, the third 
division is purely equational. Tandy puts forward the sugges 
tion that P. dornesfictmi is a transitional form among the 
Ascomycetes. 

Gwynne-Vaughan and Williamson (1930) have recorded a 
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Fig. 41. — Pyromma domesticum, (1). Anaphase of first division in 
the ascus (diploid nucleus). (2). Metaphase of second division 
in the ascus (haploid nucleus). (3). First division in the ascus 
(tetraploid nucleus), (4). Anaphase of second division in the 
ascus (diploid nucleus). (After Tandy, Anns, Bot.) 

brachymeiotic reduction in the heterothallic species Humana 
granulata. They have confirmed the earlier work of Blackman 
and Fraser on this form, and find that in the absence of an 
antheridium the nuclei of the oogonium fuse in pairs. The 
definitive nucleus of the ascus shows 8 gemini at the first 
division, and 8 chromosomes pass to either pole of the spindle. 
In the second and third divisions 4 chromatin masses were 
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found. Apparently 4 is the haploid chromosome number 

G^jnne-Vaughan and Williamson(193I)have also reinvestigated 
the ite-lustory of Ps/wnwm confluens. From chromosome counts 
a the spores the haploid number was found to be 6 and not 12 
Ihe formation of the sexual apparatus is described, and m«-e^ 
conhiins in essentials the descriptions of pre^■iGus observers 
len the^male nuclei entered the oogonium the female elements 
were found to arrange themselves around the walls of the oogonium 

or were grouped together, especially near the base of the trichogvim 

Aftei entrance of the male nuclei, the nuclei in the oogonium could 
be seen to he in pairs, and fusion soon followed, and afl ^ 

flmved ’f appeared, and the nuclei 

mo lem in an almost continuous stream. There wms at 

od^tud r ^ arrangement of the nuclei 

co~ T being equaJl^ 

nmon. Moreover, the ascogenous hyplne were usually narrow 

at the point at which they leave the oogonium, and only a lowed 

o the passage of one nucleus at a time. The free portions of th 

ascogenous hyphie were swollen, and soon gave rise to one or 

nioie^latively narrow branches in wdiich the nuclei lay in simxle 

in all the nueforof simultaneously 

or organs beinp- J f) ^ ^ occurrence, numbers of cells 

organs Deing at the same stage of devplni-im»«t t* u 

appear that development of a cell or organ is ddlyed till it 
mPy'^ot t°h " *■’' before the 

asc„g».o„s hyph» ,.re „,de'e„d „e “^d t S™ 

|bi| ; 
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Table V 



Number of 
oogonia. 

Smallest 
number of 
nuclei. 

Largest 
number of 
nuclei. 

Average 
number of 
nuclei. 

1. Oogonium before entry of male 

nuclei . 

2. Oogonium with fusing nuclei 

a. Oogonia with ascogenous hyphtn 

4. Difference betwreen ( 1 ) and (2) 

rrfi 

18 

18 

18 

98 

182 

96 

84 

201 

893 

211 

192 

150 

276 

163 

126 


- mi iiiurease in tne number of nuclei in the 
oogonium at the time of fertilisation and subsequent decrease to 
about the same figure, and are considered to furnish evidence of 
fusion in the oogonium. 

Both in the ascogenous hyph® and also in the croziers it is 
possible to count the number of chromosomes. Twelve were 
found in the prophase of division (e/. Claussen) and a considerably 
aiger number m the anaphase, and in favourable cases 24 could 
be recognised, 12 to either pole (Fig. 42 ). Since 6 were found in 

iusion has taken place in the oogonium. After fusion of the two 

the definitive 

nucleus of the ascus, the tetraploid condition is obtained. At 
the beginning of the formation of the spindle in the first division 
m the ascus 12 gemim could be counted, and at the close of the 
heterotypic division 12 chromosomes were found to pass to each 
pde. At the metaphase of the homotypic division (second 
^vision in the ascus), 6 chromosomes could be counted,^ and 6 
weie also discovered to be present in the third division. Since 12 

prophase, this number 
lepiesents 24 chromosomes. At anaphase 12 chromosomes 
passed to either^pole, and the daughter nuclei were therefore in 
he diploid condhion. Finally, a second reduction is achieved 
m the remaining divisions in the aseus, and the number is reduced 

to 6 and the haploid condition is restored 

It will be remembered that Tandy put forward the suggestion 
that Pyromma dormsticum was a transitional form amoL the 
Ascomycetes, and by this means attempted to reach a compromise 
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Fig. 42 . — Pyronema confluem. (1). Prophase in one of the nuclei of 
the germinating spore, showing six chromosomes, the haploid 
number spread along the spindle. (2). Prophase In the two 
nuclei of a crozier ; cSach shows twelve chromosomes. (3), Meta- 
phase of the second division in the ascus, showing six chromo- 
somes. (After Gwynne- Vaughan and Williamson , Anns, Bot, ) 


categorical statement, Ein Brachymeiosis existiert nicht,’’ and 
claimed that the haploid number of chromosomes in Pyronema 
confltiem was 12, but as Tandy has pointed out, in no case does he 
show 12 chromosomes going to either pole, and, in fact, in one 
figure he shows 4 passing to one pole and 5 to the other* Gwynne- 
Vaughan and Williamson have counted the ixumber of chromo- 
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between the school that holds that two fusions occur in the life- 
history and the school that holds there is but a single fusion. 
This latest paper by Gwynne- Vaughan and Williamson places the 
matter in the melting-pot once more. Claussen made the 
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somes in the spores and state the haploid number to be 6, and it 
~ca„ely w thin th. reatoa of poasibility that a„oh 
*orkera ,»dd have „«4e a mistake. Agaim although mis- 
inteipi etation is possible in multinucleate forms such as Pyronema 

SL TwhicKh Cerafostomella 

tions. As far as can be seen at present, on the available evideLe 
in thTHfe Ascomycetes there are two nuclear fusions 

brought about in Two stagef“' “ ‘chromosome numbers is 
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CHAPTER 
FUNGI (contimied) 

HETEROTHALLISM 

«>i OoM,ceU,--A„„„ceU,-- 
IZygomycetes and Oomveate^ i on i 'j. 
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;v :' ZYGOMYCETES. 

of a very encouraging nature. According to Satina and Blakeslee 
(1925, 1926), who used the “ Gosio Reaction,” which involves the 
capacity of the living cell to absorb and reduce salts of tellurium 
and selenium to their respective elements (black in the former 
case and red in the latter), the ( + ) strains of Absidia Blakesleana 
Cirmiella spimsa^ grown on a 2 per cent, agar medium of 
malt and dextrose and 0*1 per cent, peptone, show on the average 
greater powers of reduction than the corresponding (—) strains. 

In actual practice it was found that the best results were obtained ■ 

with either sodium or potassium tellurite, rather than with the 
corresponding selenium salts, as the red colouration produced in. 
the second case did not stand out so well as the black of the [ 

reduced tellurium. Similarly, with Manolov’s reagent (reduction 
of potassium permanganate), the (+) strains of Mucor (sp.), j 

Phyconiyces nitens, RMzojms nigricans, Syncephalastrum, Absidia I 

and ParasiteUa smipleiv, on the average again shorred a greater 
power of reduction than the ( — ) forms. In this respect the (+) | 

strains of the Mucorales behave like the female sex of the higher I 

animals and dioecious green plants, and the (~) like the male sex. | 

Satina and Blakeslee have made some interesting observations | 

on ParasiteUa. ParasiteUa is a parasite on other members of the 
Mucorales. It w’^as suggested by Burgeff that the parasitism 
exhibited here had developed by way of an imperfect sexual 
reaction. Satina and Blakeslee have in large part confirmed 
this suggestion. Burgeff, for example, f^und that with species 
of Ehizopus both the plus and minus strains of ParasiteUa 
formed galls with either strain of the host, whereas that from 
winch he termed the plus strain of ParasiteUa only formed galls ; 

with the minus strains oi Absidia glauca and A. ccerulea, and the 
minus race or stvmii oi ParasiteUa with the plus race or strain of ( 

Absidia. Satina and Blakeslee w’^ere able to confirm the curious I 

cytological phenomena associated with gall formation, in which 
the cell contents of host and parasite become mingled with the 
simultaneous formation of the gall. Subsequently outgrowths 
arise from the base of the gall and are subtended by a thick-walled 
storage cell. Unlike Burgeff, they were able to ascertain that 
there was communication between gall and storage cell. 
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It has now been shown by n- 

heWhallic Mu»„ are strictly dimorpht .rd ttaa* 
evidence of sex intei-gi-ades. The siu^irfXiUn,-, • ^ there is no 

the absence of ee, i„,e.„r.dee in S e^iLmc f 
to tte fact that we Me here eonsid.ring gan Syter! 

.n dtoecons ^.een plants, in whieh such Ler-wteTrc 

fon^ X'ffifferZtScti,’ 

contrasted has been reinvestigated ^l«corales are 

The fact that these TeirtiS tv^ f^^ 

common factor is present which elicits theTx^V^**^* that some 

may even belong to different genera ind famh^hf f T 
appear to be quantitatively different from the f 
res^nsibl. for the fusion in tl.e perfect sest„;! L^ion 

a.30 * 

for example, reacted with hetK ,i , '®^°thaUic species. Some, 
heterotlJlic form (Mml 

grnndis) showed no reaetifn Xeve, Sh (Spon^i^ 

minus tendency (Ah<iii 14 n ^ * Others again showed 

& and reaied 

I PI Li strain of the eo„rff4t, 

;■ ^species with a minus tendency it was the smalf?" 

, - , ’ ; It ! ' ^hmh reacted with the plus strain If et w 

whereas in the homothalhe species with^^ heterothalhc form, 
f ^ the small o-amAf ^ tendency (Z. 

‘ ^ of the heterothaUic spedes HeZ strain 

. exv4ihe relative size of Litin’o- .. T ^ ^ accepted belief 

It was as. by Satina and Blakeslee that the terminal 
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bii° tat'S"",' *P«=i<» were 

bisexual but the temunal hyphae were more active in these 

imperfect sexual reactions. Wlien a mimhAf rv-p + 
made between heterogamic and homogamic hermaphroditLT^d 

wereTtSSr was found that the former 
— “to two groups. In the first, which included 

TvifJ, ,.1 St ong minus tendency and reacted vigorously 

Showed a plus tendency. Beyond stating a number of facts it 

cannot be said that this investigation advances in any way the 
underlying cause of sex. m any way the 

now been shown to exist in other members 
ol the Phycomycetes. In the Oomycetes Ashbv hcl^> 9 ^ h 
demonstratedthat Phytophthorafaheri is heterothalliJor dioeciouT 
i Ze f! species of is also hetero«:^^ 2 

extenaed (1929) to other species than P.faheri. It was found that 

Zrzt 'if; “'"i 

4reccB did nnf d singe spore cultures. For example, P. , 

P mJJ" oospores on any kind of medium, nor did 

. Meadtt (the cause of the leaf-fall disease in rubber) but when 

*'7° but their deidopfert 

the ^-0™ *<• in 

^scoMus magnificmwm investigated by Dodge (19^0^ who 
showed .hot autheridia aud o«so„ia%„ly i,e tVlpZ^^e 
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along the line of juncture of two different mycelia, and a sinhln,- 
resultwas obtained by Betts for .4. carhmiarius. Derx has descrih^rl 

f f PemcUUum is notorious 

foi «ie diftculty of obtaining its sexual organs. It was ascertained 
by Derx^that inonoascosporous cultures readily and abundantlv 
produced well-developed ascoearps when thev were oroivn tiw 
by two in certain combinations. When this p Jint had been lixed. 

le different strains isolated from conidia behaved in the same wav 
bhear and Dodge have described a case of heterothallism in the 
genus ^eurospom. In 2V. teiraspmna the ascus contains four 
spores in place of the usual eight, and each ascospore is bmucleate 
In iV. smpMla on the other hand, the usual eight uninucleate 
spores are produced in each ascus. When N. tetrasperma was 
giown in culture, perithecia were obtained without difficultv 
Ai^ereas pjithecia were only formed in N:sttophila at the junction 
ot (-f) and (-) mycelia. According to Dodge (1927), and also 
his co-worker Wilcox, A. sitopMla presents atrue casiof W 
thdllism and the character distinguishing the (-]-) from the (-) 
strain being found in the nuclei, and this distinction is brought ■ 
aboxit in the second division in the ascus. 

_ Gwynne-Vaughan and Williamson have now shown that the 
discomycete mtmaria grmmlata is heterothallic. In this form no 
antheridia are produced and the archicarp develops as a side 
ranch from an ordinary hypha. The apical cell of the branch 
swells and becoines spherical and gives rise to the oogonium 
w rich contains a large number of nuclei. In single spore cultures 
It was discovered that did not develop aLcarps, but 

these were formed along the line of juncture of ( + ) and (-) 
inteetions. ^ ^ ^ ? 

The heterothallism exhibited by the Pyrenomycete. Pfeumge 
onsmwa, has been investigated by Dowding. This Ascomvcetc 
noimally contams four spores in the ascus, and each spore is 
bmucleate and bisexual. Single spore cultures made frotn these 

so-called giant spores and “dwaif” spores. The dwarf 

spore, whereas each giant spore replaces two normal spores. 
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I Myceiia grown from single spore cultures of giant spores fruit | 

readily, whereas single spore cultures from dwarf spores remain | 

sterile. It was found, however, that when the dwarf spores were i 

mated in pairs, they were divisible into two groups, designated I 

( + ) and (— ) respectively. When two plus strains came into ! 

contact, no fruit bodies were developed, and a similar result was 

obtained when two minus cultures came into contact. Perithecia 

' ' ' ■ ■ . • ' . 
were only developed when a (+) and a { — ) race were contrasted. 

In other words, the dwarf spores are unisexual, and they are also 

uninucleate. 

A curious situation has been described for Diaporthe perniciom 
by Cayley. This Ascomycete is the cause of “ die-back ” in fruit 
trees, and in her preliminary account Cayley described the 
phenomena of “ mutual aversion ’’ between monospore mycelia. 

She has now carried the matter a good deal further. There are 
two distinct stages in the life-history : (1) a pycnidial or vegetative 
spore stage, the pycnidia containing two kinds of spores, oval or 
“ a ” spores and filiform or “ b ” spores ; the “ a ” spores only | 

j being viable; and (2) a perithecial or sexual stage. Each i 

^ peritheeium contains numerous asci and veiy evanescent para- j 

physes, and there are eight bicellular ascospores to each ascus. | 

In pure cultures perithecia are only sparingly produced, and S 

polysporous cultures of either pycnospores or ascospores produce 
numerous pycnidia, but few perithecia. Under natural conditions 
perithecia are also sparingly produced. The heterothallism 
discovered here was of a complex character, and the author’s 
confused method of presentation of the facts does not make it an 
easy task to follow every step in the argument 
Cayley found that the capacity for showing aversion between 
monosporous cultures was inherited and segregated in subsequent 
generations. In one particular case three pycnospores were sown 
in the same petri dish, and of the three mycelia produced one i 

showed aversion to the other tw^o. This was sub-cultured and 
found to produce perithecia. The ascospores from the same 
peritheeium showed aversion se when cultured for the second j 

and third generation. In other words, mim-perithecial aversion \ 

was shown. At the same time, from other matings inter-Yacial I 
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aversion was also found between biologic races, and these two 
types of aversion are nmcroscopically indistinguishable. Cavlev 
ooks upon mfer-racial aversion as being due to a form of sterilitv 
between biologic races, whereas she considers *nim-peritheci«l 
aversion as due to self-sterility, a peculiar form of phvsiolome! 
heterothallism other than sex. She found experimentally thi 
both the homothalhc and lieterothallic forms oi DiapoHhe were 
capable of showing wfer-racial aversion, but hifm-peritheeial 
aversion was only found in the lieterothallic form 

Basidiomycetes. The Basidiomyeetes have been the centre of 
exhaustive investigations on heterothallism during the nast 
decade. In 1918 Bensaude, in France, and Kniep, independently 
in Germany, showed quite conclusively that the phenomenon of 
heterothallism exists among the Hymenomycetes. Bensaude in 
making cultures of Coprinm fimitarivs, obtained four mycelia 
each of which was from a single spore culture. Of these four 
mycelia only two survived when they were transferred to tubes ' 
the two surviving monosporous cultures, which were termed 
a- and by Bensaude, were subculturcd, but during eight months ■ 
^ ey remained in the so-called “primary” condition, i.e., they J 
developed no clamp-connections nor showed paired nuclei and I 

however, was very different. These polysporous cultures were':: 
obtained by mixing pieces of the a-mycelium with the ^-mycelium 
and ^ a result hyphal fusions occurred and a “ieondary”>| 

' i “ ^'Wch the nuclei were found to be paired I 

U.bM divided conjugately, the division of each dikaryon being- 

I T?"- ^ clamp-connection, and 

- 1 . iruit bodies made their appearance. 

, The formation of these clamp-connections is somewhat peculiar, i 

i simultaneously " 

with the deposdion of a cell wall and in connection with tli^ 

; conjugate division of the paired nuclei. When division of tlie 
; .nuclei IS about to take place, a projection, rather beak-like in 
Structure, is put out from fhr^ . . 
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in the parent hypha. Simultaneous nuclear division now takes 
place, and one of the daughter nuclei passes into the beak and 
associates itself with the daughter nucleus of the other member of 
the dikaryon. Cell walls are now laid down across the beak 
as well as the original cell, each at right angles to one of the 
spindles of the dikaryon. As a result of this somewhat com- 
plex method of nuclear and cell division a clamp-connection is 
formed. ^ 

Kniep obtained very similar results to Bensaude for the 
Hymenomycete, Schizophyllmn commune, but found that fruiting 
was not necessarily dependent upon the presence of paired nuclei 
in the mycelium. For example, a haploid mycelium derived from 
a single spore culture was able to produce fruit bodies, resembling 
in external appearance and in the production of several ripe spores 
the fruit bodies of the same species formed on a diploid mycelium, 
derived from the fusion of two monosporous mycelia. Thus the 
mere formation of fruit bodies by a monosporous mycelium is no 
evidence that the fungus is homothallic. According to Kniep, 
in a heterothallic species, the difference between the. haploid fruit 
body produced on a monosporous culture and a diploid fruit 
body produced on a polysporous culture lies in the fact that in 
each basidium of the haploid fruit body there is only one nucleus 
when the cell is cut off from the parent sub-hymenial cell, whereas 
each basidium of a diploid fruit body possesses two nuclei. In 
the haploid basidium the single nucleus divides twice, while in 
the diploid basidium there is first nuclear fusion, and this is 
followed by two divisions. 

Mounce considerably extended the observations of Bensaude 
and Kniep, and discovered the presence of both homothallic and 
heterothallic strains in the genus Coprinus. Thrus C. sterquilinus 
and C, stercor arms are both homothallic and produce clamp- 
connections and fruit bodies in monosporous cultures, and C. 
lagopus and C. niveus are heterothallic. She was further able 
to ascertain that the question of sex in heterothallic Coprini is 
complicated by the fact that the sexual strains cannot be strictly 
divided into (+) and {“-) groups. For example, in C. niveus 
she found that in a series of nine cultures, which may conveniently 
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be designated by the letters A to G, A formed 

with D, D with C, F with E and R f j t 

wiU. F, H and G,' ,n. .Jtf Sb T”™*- 

together no elamp-eonnections were produced ^ 

According to Kniep, Schizophyllum commune and 
polygomm possess four sexuallv different kinds of ^ 

»s.,„.ed that in th.se s, ...ins' sen d* 

moi-phic pairs of factor which are present irthe ? "“^^°- 

of the basidium, and that these biame se^reLte^irtr t"® 
subsequent nuclear divisions according to ^uSv ■ 

I these factors be represented by the latter; 
the fusion nucleus of the basidium will have the c 
(AaBb). At the second division of tb. V composition 

factors will be separated as f4Bl / nucleus, the sex 

dissent hhtds «? ol'fh!; 

Without a common factor will unite sexu'allv 1 ®P°«s 

stage. Thus (AB) will combine with r niyeelial 

-ill not unit. siL .l4 rtV"™ ' 1 

Kniep was able to show that in 4/1, . I- (B). 

basidium bears two pairs of spores ^ P^'^VgoniMs each 

.soertainecl that the has dia „fT “1»» 

ItWe, one hind heL^^or 

and the other (Ab), (a 4 b), (aB) and f«RV 

these results that the reduction fo cL * concluded from 

in the first and not in the s^^of iTT”' 

basidium. ^ nucleus of the 

foi 7 Z‘ tr—S"" ( 19 ®) 

sexuaUy to four different groups^ ' The ba^d^'T'^ 
however, that though some of th^ bn v analyses showed, 

only, a pair of ol s^ and 1 pSr of " 
sex, other basidia bore spores of afl JL ^ and opposite 

and (aB). Since somfoS«S" «cxes : (AB), (ab), (Ab) 

different kinds of spores on a <5-^ T^i! four sexually 

laimed that the reduction nro ^ asidium of C. lagopuSyUmna 

f Knien nn/i w ” , fne fusion nucleus. The 
Kn,.p and Hanna are shown diagranun., icily b.w 
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Funke took up a similar attitude to Hanna for Hijpholoma 
fascicularey H, capnoides and Collybia velutipes, namely, that 
reduction was deferred to the second division of the fusion nucleus. 
According to Vandendries (1924), Coprinus radians bears two 
different kinds of spores. All possible crossings were made between 
twenty-three moiiosporous mycelia derived from a single fruit 
body, and, secondly, between twenty-five monosporous mycelia 
derived from another fruit body. Without exception, in the first 
experiment, the spores proved to be of two sexes. In the second 
experiment, twenty-four of the twenty-five proved to be of two 
sexes, but the twenty-fifth behaved in an anomalous manner and 
reacted with all the other cultures. In one case Vandendries dis- 
covered that twenty-seven of his cultures passed spontaneously 
from the haploid to the diploid state. From these facts he ad- 
vanced the view (1925) that all species of Coprinus are at first 
heterothallic. In other words, the spores of the homothallic, as 
well as the heterothallic species, are at the commeiieement uni- 
sexual, and he has suggested that in the homothallic forms, such 
as C. sterquilinus^ the mycelia change at a very early stage in their 
development from the haploid to the diploid condition, but that 
in the heterothallic species this development is delayed over a 
longer period, which may be of several weeks, or even months, in 
duration. To Vandendries, C. sterquilinus is not homothallic, and 
C. radians is not heterothallic, but they show the state to which 
he has given the name “ hetero-homothallic.” Brunswik, who has 
investigated Coprinus curtuSy C. deliquescens^ C, ephemerus and C. 
velaris, obtained very similar results to those found by Vandendries 
for C. but preferred to explain his observations by the 

presence or absence of sterility rather than of sex factors. 
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kept under conditions of continT. ^ cultures which were 
eleven eemainM 'o”" "“"'K 

passed spontaneously into the dinlnif y fourteen 

-Jike C. i/bisexulrS^ teT 

eporee only, t.-o of one se.^o JT" 

sex IS apparently concerned with a sinJ Here 

Factors (Aa). In certain eases the . ® of Mendel ian 

was found to occur in the second nu^^^"^ ■ sex factors 
Sosirupianm and C. lagopus. The Lerti?'’/''''®'®" “ 

“ “e evt„„e. If eegfegation of the tv C'™ 

Rostrupianus, (A) and (a.) tnt„ i factors involved in 

the two spores &st division, th “ 

yore tetrad, whereafif segreijitiort 

division, the two spores beaitn! Til gace in 
positions in some basidia and be ctl " '"Ti °‘'oupy adjacent 
lu an analysis of six basicOa Pi^^ed in others, 

positions in four basidia and diagolalTfo^v adjacent 

iagopv^ there are apparentlv ti ^ ? P°®dions in two. In c 

‘yp- m. («!.), IT o' »-■<•». . foot.t 

•Oft,“M'*'’''' “‘“''■tth.rLvL* rZ' 

Of these three types of basidia in (alJ) and (aB). 

50 per cent, are of the first type and 

f her two types. According to Net the 

: ; arc best explained on twn * ’ discovered 

: 7 factors in thtiuctrof^^^^ 

■ chromosomes, one factor on each ' ?,? Wm " different 

the segregation of sex factors t h f basidia 

the fusion nucleus of the basidfomtldth ^^^dsion of 

yyegation of one pair takes placTfott fi TT * 

• Paif in the second division. ^ division and of the I 

; certain two^ltd been made by Sass on 
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r spores, and others with fruit bodies, the basidia of which 
y contain two spores. In all, three different species were 
'estigated : C. ephemerus, f. bisporus, Galera tenera, f. bispora 
I Naucoria semiorbicularis, f. bispora. In the first-named 
eies, clamp-connections made their appearance within two to 
ee days in monosporous cultures and fruit bodies were formed 
fourteen days. In 200 cultures of monosporous mycelia, 
wever, 10 per cent, did not develop clamp-connections and 12 
r cent, died within a few days. When the 10 per cent, were 
ted in all possible ways, in only four cases did secondary 
celia make their appearance. Similarly in Galera tenera 
bispora, except in 4-5 per cent, of cases monosporous mycelia 
veloped clamp-connections, and much the same results were 
tained for Naucoria semiorbicularis f. bispora. Now, the four- 
ared forms of these three species are definitely heterothallic, 
id, as far as C. ephemerus is concerned, it is a bisexual type and 
X is determined by one pair of Mendel ian factors. A ey tological 
yestigation of C. ephemerus f. bisporus revealed the fact that the 
iidium is at first binucleate and that fusion takes place. Nuclear 
Sion is followed by two nuclear divisions, which presumably 
nstitute a meiotic phase. It was found difficult to trace the 
timate fate of the two nuclei, but the mature spores are multi- 
pcleate structures, and may contain as many as eight nuclei, 
lere is a good deal of evidence to show that in the two-spore 
rms each spore may receive two nuclei from the parent basidium. 
esumably the two nuclei of the spores would be of different 
xes, and each spore would give rise to a homothallic mycelium, 
the other hand, Sass obtained definite evidence that in certain 
es only one nucleus entered each spore from the basidium. 
is possible that this result gives the clue to the behaviour of 
me of the monosporous cultures which continued to remain in 
e primary condition, and in order to produce secondary mycelia 
must be mated with another haploid mycelium. 

Heterothallism has now been recorded in the Uredinales. 
2:raigie found that in Puccinia Helianthi, when the basidiospores 
rvere shed on the leaf of the sunflower, spermogonia made their, 
ippearance in about eight days. In ten or eleven days after 
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o, xiiAijcim irom two draemnf 

lapped, fficidia were discovered in about 50 per cent of 
The rest of the infections, either simple or compLnd did not sh"'' 
any signs of ascidia for three weeks i. » did not show 

matdy 50 p„ cent, did so. It I, do.,; STf 

picsence of two mycelia, evidently of twm different stra*^^ 
stimulated the production of spore fruits r.-n;„ , 

to show that w^hen the contentr^ "^e 

and added to the infections, in nearlv^Z™^^^^^^ 

produced. Similar results ivere obtained fo,.‘ P„ ^ 

and the two strains involved here are recrarded bv C 

of two different sexes. Ciaigie as being 

Further investigations on the heterothallism of fh^ tt ;■ , 
Wve boo,, ,„ado by Allen. She found tha, when the foloutoZ 

;:r:r:r„.4rf:r 

— y't 

to the developing leeidia ”j";J 

condition. * passed into the diploid 

Vromycea appendiculrZ's^^Tirv^ 
fertilisation here is similar to that if the itol 
these species are full-cycle Rusts, showing httl^R S^phvsh 
logical specialisation. Theconstant«,Ar..oo , ’/ ^ ’ Pfijsio- 

uninucleate cells was found in the fr, ^ two-legged ’ 

In the early staLTof th!^ formation of lecidial primordia. 

Suo.“"'.L° I'ntap^M L r*af 

to project throuih VL ? A ^ *®™inations can be seen 

The sex act is saW to be between the epidermal cells. 

said to be brought about by fusion with spermatia, 
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aud actual nuclear migrations were seen passing through the 
cross-walls of these trichogeiious hyphae and migrating into the 
fertile cells of the secidium. Although fusions of parallel hyphae 
within the secidium were observeclj these are interpreted as being 
nutritional or vegetative in nature^ or are possibly similar to the 
fusions of auxiliary cells in the Red Algae. 

The question of whether the stimulating action of the spermatia 
on the developing aecidia was due to the presence of living material 
or whether killed material was equally effective w^as investigated 
by Craigie, who heated the spermatial exudate to 70° €., and then 
found that its stimulating properties had been destroyed, and 
concluded that living material was irecessary for stimulating 
activity. Cummins has advanced the objection that the heat 
would destroy any enzymes in the exudate itself, and that these 
enzymes, rather than the spermatia, might have been the possible 
cause of the stimulating action on the aecidia. He has reinvesti- 
gated the matter in an apparently heterothallic Rust, Puccinia 
sorghi, whose alternative host is Omlis, In place of heating the 
spermatia and exudate, the whole was filtered through a small 
Berkefeld filter. By this arrangement the spermatia were 
excluded and only the exudate passed through. Pustules treated 
with the filtrate failed to form mature secidia, hence aecidial 
formation cannot be explained on the basis of enzymic stimulation, 
since the stimulating activity was lost when the spermatia were 
excluded, and Graigie was therefore correct in his ultimate 
conclixsion. 

Both Kiriep (1926) and Dickinson, as well as others, have now 
shown that the Ustilaginales or Bunt Fungi are heterothallic in 
certain cases. Kniep, for example, isolated spot idia from a mass of 
germinating chlamydospores and found that the latter could be 
arranged in two groups— A and B ; the sporidia in group A would 
conjugate with those from group B, but no conjugation would 
take place between members of the same group. Since the 
numbers in each group were approximately equal, Kniep on this 
ground considered that segregation of the two forms occurred 
in the second nuclear division of the promycelium. According 
to Bausch, Ustilago longissima is trisexual, and the sporidia can 
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be divided into three groups, members of which coniimct • , ! 

those of either of the others, but no conjugation occurs 
same group. m the 

Dickinson has fully investigated the heterothallism exhibit i 
by LsUlago levis and U. Hordei. The chlamydospores warn 
allowed to germinate on a 1 per cent. beef,extract and 4e snorTS! 

isolated in turn as they were formed on the promycelium andpa i 

was then transferred to a beef extract mediuL It C foil 
that when two mycelia, each derived from a single sporidili 
were allowed to meet, one of two things happened : eitherS 

grjpasteachother,or,afterapproachingtowithinacert^^^^^^^^^ 

«te distance, they now definitely curved towards one another 
At^the next stage they came into contact and took on a brown 
tint, and in the majority of cases the contents of one passed into 
the other, leavnig an empty cell at the point of union. It wL 
discovered by Dickinson that the sporidia of any proinycL^m 
could be classed into two groups, termed respectively A^and B 
and^of the four sporidia produced, two belonged Ja al two 

Mter fusion had taken place between sporidia, the binucleate 

After tb' f “ito which the nuclei passed. 

Aftei the hyphse had undergone a certain amount of growth the 
nuclei underwent conjugate division, with the result that a definite 

in thTcell ^ ^ ® associated 

NutritiTO Theory of Heterothallism. In 1928 Dame Helen 
wynne-Vaugh^, m her Presidential Address to Section K of the ^ 
til f Association at the Glasgow meeting, advanced an explana- ^ 
tion based on nutrition to account for heterothallism. In the 
Ascomycetes, for example, Humana granulaU, which lacks an 

. ascocarp is developed from an 

strains are necessary before the fruit body makes 

to projeo!fp^; w pother of extractii^ 

The ^ sobotr.tum tor tl. 

" •of the «,coc«ps, but doe, not po„e„ the power .f 
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isorbmg some equally important and essential substance (B), 
id further, if it be assumed that the (-») strain can extract (B) 
.pidly, but not (A), then, When the two strains meet, the two 
sential conditions for ascocarp. formation are present, and the 
uit bodies are produced in abundance. Similarly in the Hymeno- 

i nycetes, certain forms, such as Aleurodiscus polygonius and 
:!oprmus lagopus^ are described as being quadrisexual. Such a 
:onception is difficult to visualise, and it is equally difficult to 
magine a race composed of four sexes, but no such difficulty enters 
nto the conception of a race requiring four different food sub- 
t stances in preparation for the fruiting period. Thus, if the four 
[characters termed (A), (a), (B), (b), which these fungi have been 
; shown to inherit on Mendelian lines, each represent the power 
M rapidly withdrawing from the substrate some essential food 
factor, and again, if each spore contain either (A) or (a), and either 
^B) or (b), then the necessary conditions for sporophore formation 
^ill be present when (AB) and (ab) or (Ab) and (aB) meet. 

I ' ■ ■ '■ , ' ■ ' ' ■ ■ ' " 
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CHAPTER VI 


FUNGI [continued) 

MYCORRHIZA 

lHtwduction--Orchidacece~Distribution of Funm<i in linato 
OrcMd^mture of Fungus{n SaU 

bUueen ^un^is and ^ost ~ Gastrodia ~ Encacew — Lolium ~ 

The living together of two organisms, symbiosis, as it is often 
termed, is a well-known phenomenon in both the animal and 
plant kingdom. It is usually thought that the intimate relation- 
ship that exists between the partners of such a union results in 
som_p mutual benefit to both. The well-known case of the bacteria 
in the nodules of the Leguminos® is an example of symbiosis 
while the large group of composite plants known as Lichens 
j urnish an even better example. In the latter is a close union 
between green alga and fungus, with the fungus as the dominant 
partner of the situation. The marine worm, Convoluta. furnishes 
an example of symbiosis between animal and plant, for in the body 
of the former a green alga is always to be found. It is not proposed 
to discuss here the phenomenon of symbiosis in its wider issues 
but to consider only the relationship that is known to exist between 

certam of the higher greeii plants and th^ 

The presence of fungal hyph® in the roots of some of the higher 
plants has been known for nearly a century, and for a full historical 
surwey ol this part of the subject the monograph by Eayner 
(Mycorrhizci) should be consulted. The first observation of the 
ire^nce of fungi in the roots of higher plants was apparently in 

— lib'’' of granular masses in the 

oung seedling of Goodyera prosera. He was, however, unable 
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to interpret correctly the nature of his discovery, and 
that they were colourless granular material which finally 
appeared. Similarly in 1842 Schleiden observed verv mudi th( 
same thing in the roots of the sapi-ophytic Orchid, Neottia nidi^ 
ams. He discovered these inclusions to be present in the cortic^ 
tissues of the root and made some very excellent and accurate 
drawings, although, like Link, he was quite unable to interpref 
his results. ^ 

The work of Reissek in 1847 was a real landmark in this matter 
He made an anatomical investigation of a number of vascular 
plants, and found the presence of fungal hyphas to be present ia 
a number of different species, especially in members of thei 
Orehidaceas. The forms investigated were both exotic aiidl 
native genera, and he showed that in . the tropical forms thel 
fungus was present in the peripheral region of the roots, whereas! 
in the native form. Orchis Morio, it had a considerable extension 
in the cortex. He also showed that the highest development ofl 
the fungus occurred in underground roots, the least in the aerial ^ 
More remarkable still, Reissek attempted to isolate the fungus’ 
from orchid roots. Prom 0. Morio he obtained a Fusisporium. 
This was probably a PMsmMm, saprophytic in the soil ; and he 
also obtained Lrom other orchid species a Boirytis, PeniciRmm 
and Cladosporium. When the fact is considered that mycological 
technique, such as we know it now, was at that time non-existent, 
it is not surprising that he should have failed in his quest ; it is 
the more remarkable that he should have made the essay at all. 

In this country, T. G. Rylands in 1844 described the presence 
of certain byssoid ” substances in the roots of MonofVopa 
Hypopitys. H^ concluded that this byssoid substance performed 
no particular or essential function in iRonotropa. It is therefore 
to the Continental workers that we owe our first real advance! 
this subject. f 

Another kind of association of fungus and root was also observL 
as far back as 1840, when Hartig noted that the extremities of th^ 
roots of Jwmpmw and Thuja and also Pinus sylvestr is were clothe 
with a mantle of fungal mycelium. Unfortunately, he mistook 

the hyphas were intercelli] 
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canals surrounding the corky layers of the root cortex. Similarly 
sixteen years later, in 1856, Gasparini observed that the rootlete 
of Co7ijhis and Castanea were surrounded by fungal hyphse 
Our present knowledge of the subject may be said to commence 
^ with the investigations in 1885 of Prank on the roots of Neottia 
nidus avis. Frank coined the name mycorrUza for this association 
ot fungus with roots. He also distinguished between the two 
types mentioned above and termed those forms in which the 
iungus was lodged within the root endotrophic mycorrhiza, and 
those forms in which the fungus formed a covering on the ex- 
tremities of the root exterior, ectotrophic mvcorrhiza. The term 
is now employed in a very much wider sense than that originally 
meant by Frank. Thus, for example, the presence of fungus 
w ithin the thalli of Liverworts is termed mycorrhiza. This it is 
true, is etymologically unsound, but has the merit of convenience. 

Mycorrhiza is now known in Angiosperms, Gymnosperms, 
Pteridoplytes and Bryophytes. Such an association is of very 
great antiquity, and the fossil forms from the Chert of Rhynie 
{Rhyma Hornea and Asteroxylon), which geologically belongs to 
the Middle or Lower Devonian, have their attendant fungus. It 
is equally possible that these are not mycorrhiza at all, but 
saprophytes that lived on the dead remains of these plants 
Nevertheless, the observations of Weiss on roots from the Lower 
Coal Measures have shown quite clearly that such a union existed 
even at such an early date as the Lower Carboniferous. It will 
be necessary to consider the better-known advances that have 
been made on mycorrhiza in different groups and families of 

plants. The first of these that calls for consideration is the 
Orchidaceae. 

Orchidacese 

1 he orchids as a class produce an enormous number of seeds 

from each capsule. Charles Darwin estimated that in a single 
capsMle ot Cephalanthem grandiflora 6,020 seeds were present. 
Many of the tropical forms contain even greater numbers • Scott 
estimated the number as 871,250 in Acropera, and Muller arrived 
at the huge total of 1,756,440 for Maxillaria. 
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The seed of an orchid is a minute dust-like structure Ii 
possesses a single integument in the foi-m of a very characteristic 
network which shows a certain amount of variation in differern 
genera and species. The embryo is not differentiated intc 
cotyledon, plumule and radicle. As a general rule the cells ai 
the suspensor end of the seed are larger than at the upper end 
although this IS not always the case. In Cattleya the suspensor 
cells are permanent, while in Phalcenopsis they disappear before 
the maturation of the seed. t't' le 

The pert difficulty of gei-mmating orchid saids has been 
kno™ for a number of years. Horticulturalists discovered fc 
tact that germination was more successful if the seed were sown 
m sml in whkh the parent plant had been living, but this was 
y an^ empiiical custom and the reason was quite unknown 
It rmamed for the Frenchman, Noel Bernard, to produce con- 
vincing evidence that unless a suitable fungus was present little 
or no germination would take place. * 

The investigations of Noel Bernard began in 1899 and 
hnished at his death in 1911. The first orchid inve^Jiga'd 

by him was the saprophyte Neoffm, and in 1902 he announced 

that an orchid seed can only germinate in the presence of the 


xxuxu uie capstlie ana sown on 
t which no fungus is present, do not, as a rule, 
toglossum the seeds merely swell and develop 
ome green. Cattleya develops rudimentary 
V stomata, while the seeds of Epidendrum do 
become green. According to Bernard, the 
fc takes place mBletUla in which 

formed with definite leaves. If no fungus 
the seedling dies 

;ed seeds under aseptic conditions. The 
>ed with formalin, and the seeds were then 
dc conditions to tubes containing a gelatin ' 
k control was set up in the greenhouse, using 
'1 conditions. It was found that seeds sown 


in the greenhouse germinated, while those in the tubes failed to 

do SO, 

Germmation in the presence of the fungus takes the following 
course. Eirtry of the fungus occurs at the suspensor end of 
the seed. The invasion of these cells takes place by degrees, 
and the hyphae become twisted into a ball in each cell before 
passing on to the next. The presence of the fungus in some way 
stimulates the smaller cells at the end of the seed opposite the 
suspensor, and these proceed to divide. It is within this region 
that the stem meristem is laid down, and it should noted here 
that the fungus never penetrates the meristematic cells. Finally, 
the seed takes on a swollen shape. 

Distribution of Fungus in Roots and Rhizomes. It has already 
been seen that the presence of fungal hyphae in the roots and 
rhizomes of orchids has been known for a very considerable time. 
Investigations have now shown that they are present in every 
case with the exception of the saprophyte Wullschlcegelia aphylla. 
The entrance of the fungus in the root has been carefully 
followed by different investigators. As a general rule it is absent 
in the epidermal layer. Entrance is effected through a root 
hair, or even occasionally through the piliferous layer itself. 
The hyphae pass through to a more or less definite zone, in which 
they attain their highest development and rapidly fill the cells. 
Should an exodermis be present, the fungus passes through 
the passage cells. The position of the fungal zone varies from 
genera to genera. In Habenaria, for example, the hyphae usually 
occupy the third and fourth layer of cortical cells, whereas in ^ 

* Neottia and Epipogum the hyphae occupy three layers or so of the ,4'i 
cells separated from the endodermis by half a dozen layers of 
cells, Cymbidium and Odontoglossum show an extreme develop- 
ment of the endophyte which is distributed throughout the 
cortical area. It should be noticed that the fungus never passes 
the barrier of the endodermis and the vascular region is always 
uninfected. 

The changes that take place in the fungal hyphae in their 
invasion of the root cells have been closely followed by Wahidicb, 
Magnus, Bernard and Burgeff. In Neottia it was shown by 
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of llahenaria just above the 
pot tip. Ihe dark masses show where digestion of the fungus 
IS taking place. (2). Longitudinal section of a seed of Odonto- 
CrtlTn sowing. The fungus has entered the 

Us the seed and formed balls of 

nyph^e. (d Cells from fungal zone of the lirst root of Odonto-^ 
glossimi. Ihe fungus is “ clumped ” (c/. 2). A funo-al hvnha 

of an aerial root of Epidendrum showing infected cells in the 

sxri7S;™y£4'i.r‘“””- <“"■ 

Magnm that two main types; of infeeted cclb are present, and he 

considered that there were no transitional stages. In the first 
type, which he termed “ digesting cells ” (Verdauungszellen), the 
tungus always degenerates, while in the second type, whieh he 
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called host cells ” (Pilzwirthszellen), the fungus remained alive 
in the cells which lodged it, and could under these conditions 
hibernate. According to Magnus, in these two types of 

cells, show a definite arrangement. The outer region of the root 
cortex is composed of digesting cells and the inner zone of host 
cells. It is doubtful, however, if such a regularity of arrangeinent 
of these two different types of cells is really present. 

Bernard and Buigeff have also studied this problem of fungus 
entry. In general terms it can be stated that when a hypha enters 
a host cell the nucleus of the latter increases in size. It undergoes 
considerable changes in shape and sometimes becomes hyper- 
tiophieds and may even in certain cases disintegrate, thereby 
showing that the fungus can sometimes play the part of a parasite. 

The digesting cells can be very readily seen by the degenerating 
mass which fills them. The nuclei of these ceils increase very 
much in volume and often become amoeboid and put out 
pseudopodia which attack the entering hyphse. The j^seudopodia 
; which are put out by the nucleus of the digesting cells now 
; enclose the entering hyphas, which soon lose their characteristic 
outline and become converted into amorphous, yellow masses, 
which are totally devoid of life. 

The Nature of the Fungus in Orchid Mycorrhiza, In his first 
attempts to isolate the fungus from orchid roots, Bernard obtained 
a Fusarium* Later, however, he obtained the true endophyte, 
and was able to grow it in culture. It was found that the fungus 

I balled up on the artificial medium in much the same way as ? 

in the cells of the orchid root. From the fact that a number of 
swollen segments made their appearance, and were apparently 
heavily charged with food reserves, Bernard at first placed the 
endophyte in the genus Oospora. The filaments, however, also 
ramified and formed dark sclerot ia, much as in Rhizoctonia violacea, 
and on this account he later came to the conclusion that the 
endophyte belonged to this genus. It would serve no useful 
purpose here to give a detailed discussion of the taxonomies of the 
endophyte, and for convenience it will be termed Rhizoctonia, 

Burgeff, like Bernard, was also successful in isolating the 
endophyte, and proposed the new class, OrcheomyceSy for its 
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reception, 
within his 

Bernard found that the efficacy of the endophyte 
about germination was ‘ ‘ ’ ' 

out the host. Burgeff, on the other'hand, 
substantiate this statement. I " 
were not renewed sufficiently ofteni with the result that 
had occurred. 

Germination in the Absence of Fungus. 

effect of solutions of sucrose t ' ' - 

on the seeds of Bletilla, Lcelia and Cattleyi 


s species as falling 
repens. 

- - bring 

impaired by prolonged cultivation with- 
was quite unable to 
It is possible that Bernard’s cultures 
— “staling” 

Bernard tried the 
and salep in different concentrations 
in the absence of the 
endophyte. In certain concentrations there was germination, 
and in higher concentrations seedlings wei’e obtained which could 
be transplanted. 

This aspect of the subject has been considerably extended by 
the investigations of Knudson (1922, 1924, 1925). In his first ^ 
paper, seeds of a hybrid orchid (CatUeya Schrcedene x C. gigas) 
were carefully sterilised in weak calcium hypochlorite solution, and 
sown on either Pfeffer’s medium or a modification of this in 1-7 
per cent. agar. The addition of fructose to the medium gave 
the best germination, while the presence of glucose tended to give 
rise to chlorosis. Plant extracts were also found to answer the 
purpose. This work was later extended to other species A 
Cymbidium hybrid was sown on modified Pfeffer’s medium with 
the addition of 2 per cent, of sucrose* n-prminot^/%-r. t j 
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Moreover, it was ascertained that germination, took place in the 
presence of the fungus, although the seeds were not penetrated* 
This was found to be due to the change in the pR of the medium. 
Lastly, Knudson was able to bring about germination in a mixed 
medium of peat and sphagnum plus Pfeffer’s modified medium, 
])rovided that the was adjusted to 4-6 and the germination 
was as rapid as in the presence of the endophyte. Knudson also 
discovered that Fhytophthora (sp.) as well as other fungi were as 
suitable as RMzoctonia for the germination of orchid seeds. The 
theoretical implications of this work will.be discussed below. 

The Physiological Relation between Fungus and Host. Bernard 
considered that relation betw^een orchid and endophyte was 
similar to that of host and parasite. In other words, the orchid 
suffers from a benign cryptogamic disease, and the symbiotic 
relationship between the two represented for him the immunity 
realised by phagocytosis. There is much to be said for this view. 

He laid great stress on the presence of tubercles on the seedlings, 
and thought that these weve a direct consequence of fungal 
infection. Burgeff, on the other hand, held that the function of 
the fungus was to. hydrolyse polysaccharides to simpler sugars 
which aided germination, while Knudson has taken a very extreme 
view of the case. From his experimental observations, Knudson 
arrived at the conclusion that the necessity of fungus infection ' 
has not been proved, and that the germination of orchid seeds is 
dependent on an external supply of organic material, such as 
soluble carbohydrates, and, lastly, that orchid embryos, when 
allowed to germinate under aseptic conditions in the absence of 
sugar, are unable to assimilate photosynthetically because they 
lack some internal factor. Knudson objected to the so-called 
symbiotic theory of germination,” and considered, from the fact 
that the endophyte extracted by himself from Odontoglossum 
rapidly killed Odontoglossum, that these fungi are extremely 
pathenogenic. To Knudson the supreme fact of importance in 
orchid germination is the supply of soluble and suitable sugar, 
for the orchid seed is lacking in food reserves, and some external 
source is necessary to carry the embryo over the critical period 
until it is in a position to synthesise carbohydrates for itself. 

. ^ ^ ^ , 
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It is unfortunate that Knudson should have taken up th 
position that the fungus is quite unnecessary for germinatioft 
and that symbiosis between higher plant and endophyte as usuallv 
reeogmsed, does not exist. His work is really an" extensfen of 
that of Bernard s, who also found that germination would take 
place in the absence of endophyte and in the presence of siwars 
and that in many cases this method gave more certain reLlts 
than the use of the fungus. Although it is undoubtedly true thaf 
orchids can be grown for many years under conditions in which 
infection by the endophyte has been completely excluded this 
does not explain the fact that under natural conditions the 
endophyte is alwa3^s to be found in the roots of these plants. 
Constantin and Magrou have criticised Knudson from this stand-' 
point, and have pointed out that his work merely confirms 
Bernard s discoveries, and is no explanation of the presence of the 
endophyte in naturally growing orchid roots. 

Ramsbottom (1929) has also called in question Knudson’s ^ 
viev-s on the symbiotic relation between host and endophyte 
m the Orchidaceae, and suggests that the latter’s interpre- 
tation of non-symbiotic germination of orchid seeds as being 
due to stimulation by the production of sugars by many fungi 
m ncA m^orted in orchids growing under natural conditions. ^ 
The fact that the endophyte always penetrates the orchid seed" 
at the suspensor end, and that the cells at the opposite end do i 
not become infected, and, further, that seeds which adhere to the 
sides and tops of the culture flasks only germinate when the hyphse 
reach them coupled with the fact that he has never observed a 
young rootlet to become infected until it has entered the soil, 
supports his belief in the symbiotic theory of germination. To 
^ the present author it would appear that a good deal more work 
.. ■,must be accomplished before any very definite pronunciatioi 
,|an be given on these conflicting opinions. When a theory has 
b|een held for a long time it becomes a difficult matter to abandor 
iw the face of new evidence, 

\lt has usually been denied that the orchid endophyte can 
. atmospheric nitrogen. Burgeff, for example, was Quite unable 
. -toi-^btam any evidence for this. Wolff, however, Ls recently 
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brought forward evidence to show that the endophyte of Neottia 

is capable of fixing atmospheric nitrogen in pure culture. 

Gastrodia 

Some years ago Kusano described a peculiar and interesting 
case of mycorrhiza for the saprophytic orchid Gastrodia data, 
which has a wide distribution in Japan and occurs in woods 
under Quercus serrata and Q. glandulifera. The vegetative 
portion of the plant coirsists of a tuberous rhizome some 10 to 
17 cm. in length. This tuber is oblong in shape and composed ^ 
mainly of parenchymatous cells. Vegetative multiplication 
• takes place by means of off-sets, and at the end of the autumn 
the mother body and pedicel of the off-set undergo degeneration, 
with the result that the young tubercles are set free. Kusano 
showed that unless the off-sets were infected with the necessary 
fungus they decreased in size with successive generations, and 
eventually were unable to multiply any further. The fungus 
concerned here was the root parasite Armillaria mellea, the 
so-called “ honey fungus.” Armillaria is a particularly de- 
structive parasite of trees, and possesses black rhizomorphs 
composed of compacted mycelium. It was shown by Kusano 
that the Gastrodia tuber is attacked by the rhizomorph and 
infection is effected by a sucker-like branch of the strand which 
, , enters the cortical layers. The rhizomorph creeps over the surface 
of the tuber and suckers enter the outer cells at intervals. The 
infected area of the tuber is approximately divided into three 
regions of cells. In the first there is a densely tangled mass of 
comparatively thick-walled hypha:, in the second or middle region, 
the hyphm are generally thin-walled and often arranged as a 
pseudoparenchyma, whilst in the innermost region, which is 
composed of large cells, a few slender hyphse are to be found. 
Characteristic alterations occur in the hyphse in each of these 
regions. In the first they are permanent, in the second they 
undergo disorganisation, and in the third they are consumed by 
the host cells. Unless a tuber be infected by the fungus, flower 
heads are not formed. Occasionally it was discovered that the 
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fungus could play the ,)art of a parasite and the tuber waj 
consumed. 

^ At present there is no information available about the germina- 
tion of the seeds or whether a Bhizoctonia be concerned in thiv 
process. ' ; 

More recently McLuckie has investigated the physiology of 
Gastrodia sesamoides, an Australian species. Like etoa.'this 

Australian orchid also possesses a tuberdus rhizome with a few 
scale leaves. The flowering axis, about 18 inches high, is developed 
from the apex of the rhizome. ■ 

Bacterial infection of the tubers was found to be profuse, and 
the bacteria were able to assimilate free nitrogen. Fungal 
infection on the other hand, was confined to a few superlicki 
cells. The hyphse of the endophyte, which extended from the ' 
s^rficial cells to the soil, were found to be nonseptate, and i 
although intracellular in distribution, were not consumed by the 
host cells. ^ ] 

It has b^n usual to class G. sesamoides as a root parasite, but 
McLuekm disagreed with this suggestion, and considered it to be i 
a case of oblipte symbiosis in which the plant is supplied with ' 
nitiogen by the bacteria and carbonaceous food by the fungus, 
and the latter also functions as the water and mineral absorber 

roni the soil. C.ertainly G. sesamoides forms a marked contrast 

6r. elata, ;■ ij 


Ericaceae 

It was first suggested by Frank that the Ericacem, like the 
rc iidace®, might show mycorrhizal characteristics. In certain 
members of the Ericaceae he commented on the .absence of root 
hairs theyeduction of the root-cap and the absence or great 

reduction m the cortical tissues of the root, and finally on the 
presence of fungus mycelium in the enlarged cells of the piliferous 

The first adequate investigations on this group were by Ternetz, 
who was able to isolate the endophyte, and showed that it was a 
mem er ^ Fungi Imperfecti. She also demonstrated that 
m ec ion o t e seedling of Calluna vulgaris ^ the common lin^. 
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occurred through the seedliag, and considered that it was able 
to fix free nitrogen. 

Rayner (1915, 1916, 1922) has conducted an extensive number 
of observations on the mycorrhiza of the Ericaceae. In Calluna 
vulgaris she showed that germination of the seeds was entirely 
dependent on the presence of the endophyte, and that there 
was an obligate symbiosis present of a very similar type to that 
of the Orchidacese, Unlike the Orchidaceae, however, the endo- 
phyte is said to be present through the whole plant, and infection 
of tlie seeds takes place in the ovary. Delicate branched hyphae 
are present in the cells of the ovary wall, in the tissue of the 
central column, and also the funicles of the seeds. 

Seeds sterilised in weak mercuric chloride solution were found 
to give only feeble germination. A few chlorotic leaves were 
developed, but no root system, and the seedling eventually perished. 
If at this stage it wei'e supplied with the endophyte, normal 
development took place. Infection of the seedling root took place 
immediately after it emerged from the testa, and the entering 
hyphse forced their wmy in between the cells of the root apex. 
The mycelium now^ became intracellular and rapidly spread from 
cell to cell, being distributed eventually throughout the length 
of the plant, and was to be found in stem, root, leaves and 
reproductive organs. 

Rayner has recorded the presence of ovarial infection in other 
members of the Ericaceae, e.g., Rhododendroideae, Arbutoideae, 
Vaccinoideae and Ericoidese. Presumably, here also there is a 
wide distribution of the endophyte throughout the tissues of the 
plant. 

According to Rayner (1929a), Vaccinium presents a unique case 
among the Ericaceae, and exhibits the most highly evolved symbi- 
otic relationship discovered in this family. Stahl has specifically 
stated that the roots of Vaccinium myrtillus are free from fungus 
infection, and that plants can be raised from untreated seeds 
in sterilised soil. Rayner found it impossible to obtain seeds 
free from fungus infection by sterilisation and removal of the 
testas prior to germination. All the tissues of the emerging 
seedling were subject to invasion by the fungal mycelium, and it 
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was probable that the normal germination of the seeds was bonnd 
up with this invasion. As in Calluna, the fungus was distributed 
throughout the plant, and was to be found in roots, stem, 
leaves, and extended to the ovaries and other organs of the 
flower. 

Arbutus umdo, the Strawberry Tree, has been investigated by 
Rivett. Rivett described two different and distinct types of 
root for this plant, long roots which form the main root system, 
and root tubercles which are arrested laterals and sub-laterals. 
In the long roots there is a superficial network of mycelium, and 
a few of the liyphse show penetration, but the intracellular 
extensioir of the endophyte is small. In the tubercles, on the 
other hand, there is profuse development of the endophyte, and 
its presence apparently is the cause of the stunting exhibited by 
these organs, which are imperfect developments of young root 
laterals. According to Rivett, the marked differences which are 
found in the growth of the endophyte associated with the long 
roots and tubercles respectively, is influenced by the presence of 
considerable quantities of mucilage on the emerging laterals, and 
also by excretions from the ruptured tissues of the parent root. 
A somewhat peculiar characteristic of the tuberous mycorrhiza in 
Arbutus is the formation of stiff bristle-like setae by some of the 
liyphae in the outer region of the fungal sheath. In appearance 
they are very similar to root hairs, and are only to be found on 
the tubercles. Rayner claims that ovarial infection occurs in 
this genus. 

Mycorrhiza has been recorded for other families in the Ericales, 
In the Pyrolacese, Henderson has pointed out that a definite 
series can be traced, showing a gradual passage from species with 
relatively poor production of mycorrhiza to others with heavier 
infection, and that there is apparently^ a relationship between 
saprophytism and increase in my^corrhiza. Thus in the genus 
Chimaphila^ C. umbellatu shows the feeblest infection, whilst the 
greatest infection is to be found in C. mamlata. In Pyrola 
Totundifolia and P/ elliptica all the cells of the piliferous layer of 
the root are infected, and there is the beginning of intertwined 
hyph^ round the root tip. In Monotropa Hypopitys there is an 
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increase in the width and extension of the hyphal sheath and a 
demarcation into two regions, and in M, uniflora there is still 
greater extension of the fnngal sheath. 

Christoph has controverted the findings of Rayner with regard 
to the necessity of the root-fungiis for germination in the Ericales. 
The matter was tested in two ways. In the first series of 
experiments, cuttings of Calluna vulgaris were taken, and these 
were planted in shallow pots of humus heath soil — ^the soil in one 
being sterilised and the other not. In both experiments a number 
of cuttings struck, and it was only cuttings from unsterilised soil 
that became slightly infected, whereas no endophyte was present 
in the roots of the cuttings growing on sterilised soil. Experiments 
with Erica carnea gave similar results. Germination experiments 
with sterilised and unsterilised seeds gave good results in both 
cases, and he failed to find capsule infection. 

In the Pyrolacetn he ascertained that in Pyrola uniflora^ 
P. secunda, P. minor and P. rotundifolia the infecting fungus 
possessed clamp-connections, and therefore was probably a 
Basidiomycete. Using the seeds of P. rotundifolia^ he discovered 
that the presence of a fungus was unnecessary for germination, 
and that the best conditions w^ere obtained when strong con- 
centrated soil extract was used, together with the addition of 
peptone solution, sowing on humus from habitat of the plants, 
and keeping the cultures in the dark with moderate moisture. 
It w^as thought that organic compounds of the highly concentrated 
soil solution, acting in conjunction with the peptone, brought 
about germination by some kind of chemical action. In Monotropa 
the fungus did not possess clamp-connections, and is presumably 
different to that in the genus Pyrola. 

Christoph considered that the Ericales presented a case of 
facultative and not obligate symbionts, since species growing 
under natiiral conditions always possess the endophyte in their 
roots. In very dry places, however, the endophyte may disappear 
from tlie roots of Calluna vulgaris. 

•Rayner has submitted this work to detailed criticism. The 
burden of her argument, however, is that Christoph failed to 
sterilise his seeds thoroughly. Nevertheless, if Christoph’s results 





that cuttings struck on sterilised soil never showed the presence 
o the endophyte m the roots— be correct, Rayner’s view that the^ 
fungus IS widespread throughout the aerial tissues of the plant 
alb to the ground and ovarial infection becomes impossible. 

Further evidence in support of Christoph’s views has recentb 
been presented by Knudson (1929). The latter has suggest J 
that the abnormal appearances shown by Rayner’s seedlings in 
the absence of the endophyte were due to the fact that the nutrient 
solution in which the seedlings were grown was toxic to them or 
alternatwely, that the use of mercuric chloride as a sterilising 
agent led to injury of the embryo. He repeated Rayner’s work 
using the same conditions as those he employed for the germina- 
ti^oforcM seeds (see above). Rayner’s nutrient mixture i 
with the^ addition of l-S per cent, of agar, was used for Ihe 

eMlfhv2i7r— ^ The pH was adjusted by the addition of 

2 ner cenf n? r'"" hydroxide. In certain cases 

2 pel cent, of glucose was also added to the cultures. 

n the first series of experiments no attempt was made to 
separ^e the seeds from the floral tissues, and caleium hypochlorite 
was employed instead of mercuric chloride as a sterilisfng agent 
It was found that all the tubes showed contamination, but the ^ 
fungus proved to be an Alternaria and not Phoma. The growth 
of the seedlings was very erratic, the best seedlings selected for 
examination showing no infection of the roots, and in all Ises 
the roots were perfectly healthy. 

A second series of cultures were now initiated, and the seeds 
were carefuUy separated from any adhering tissues and sterilised 

from 17 ttT? if 

from 4 5 to 6-6. It was found that no one hydrogen-ion ' 
^n^nfoation gave any marked appearance of ^ti^m^T^^ 
hyphal grorth wa, found from the surrounding test., Ld the 
ag» ™ quite free from all fungal eontamimdion : 

^ ^ nudson has put forward the suggestion that Rayner’s results 
:in the absence of the endophyte may well be due to the presence 
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of excess of iroa in lier nutrient medium, and that possibly 
mercuric chloride was too drastic a sterilising reagent. 

Rayner (1929b) has replied to this report, and claims that 
calcium hypochlorite is not effective as a sterilising agent for 
Calluna seeds, owing to their buoyancy and nature of the testa. 
Nevertheless, this is not a convincing argument, nor is her second 
contention, that, owing to the fineness of the mycelium in its 
early stages of growth, it is very difficult to observe and may well 
have been missed by Knudson. The latter specifically states that 
he examined many hundreds of sections, and it is almost inconceiv- 
able that if any fungal hyphse had been present they should all 
have been missed or washed away on the slides. 


Lolium 


The grass Lolium presents an interesting case of mycorrliiza, 
somewhat similar in general features to that described for Calluna 
by Rayner. It has been known for a number of years that 
Lolium temulentum contains a layer of fungal hyphte situated 
between the aleurone layer and the fruit and seed coat. McLennan 
examined a number of seeds of L. temulentum and L. perrene, and 
found that in every case fungal infection was present. The fungus 
is clearly endophytic and occurs within the cells. It is present in 
the embryo-sac either at, or immediately after fertilisation, audit 
increases in quantity at the expense of the nucellus and the cells 
of the carpel wall. The fungus is absorbed when the endosperm 
is formed as a source of food supply for the developing embryo. 

At germmation the fungus follows in the wake of the develop- 
ment of the stem apex, and is mainly to be found in this region, 
although it extends for a small distance down into the stem. 
When the iixflorescence is formed the hyph^e are especially 
abundant at the base of the carpels. It was at first considered 
that the fungus involved here was a member of the Smuts 
(Ustilaginales), but in her more recent publication McLennan 
has shown that it is a Phy corny cete. 

In a more extensive investigation McLennan (1926) has followed 
the development of the endophyte in greater detail and, contrary 
to the former view that it was confined only to the aerial portions 
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of the grass, has found it to be present in every part of the plant 
It IS not so well marked in the older roots as in thp fip ^ 
Entry of the endophyte is either through a root hair or dirS 

tlt°hf interior of the roof 

the hyphal fi ament twists in spiral fashion in the lumen of tl,e 

ight angles to the root surface, and before infection in the mi 
layer there is considerable extension of the hyph® in a Im I 

12 I uTT niaintained after the ho t 

cells have kiUed the entering fungus. With further en rv 

bpoiangioles and arbuseles are formed. These constitute tli’ 
most important organs of the endophyte. The arbuseles ar^ f 
^.ry short d,„.atio„, a„d then develop into sp—tokf tLv 
contain a large amount of oil in theiv 
jearance they show a papillated surfaee.'Xi elS 
no kl! sporangiole has taken place, the oil within 
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supply of carbonaceous food at the expense of the fungus. 


Bryophyta 
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in the rhizoids of Marchanfda and Lunularia, More recently 
Ridler has made a thorough investigation of Pellia epiphylla, 

? It was found that the endoph^rte (a Pho?nci) only occurs in the 
j lower portions of the thallus in the central thickened region, 
i When new grow’-ths are formed by the branching of the thallus 

j i the fungus is only found in the rhizoids and epidermal tissues. 

I The hypha3 apparently enter through the epidermal cells, in 
I ‘ which they branch very freely, and gradually extend to within 

2 mm. of the growing point. In some of the cells the hyphac 
show considerable swelling at their tips, and also intercalary 
f, protuberances make their appearance. Large spherical and oval- 
f; shaped bodies also appear on the hyphse. These are possibly of 

^ the nature of chlamydospores. In several cases the fungus was 

found to be present in close proximity to the antheridia. It was 
< only after considerable search that the fungus was found in the 
sporophy tic generation, and here it was distributed in foot, seta 
and capsule. 

i The effect of the fungus on tiie gametophyte is very w^ell 
marked. When first infected, the cells of the thallus possess a 
number of chloroplasts and sho^v w^ell-marked protoplasmic 
contents. As infection progresses, these cells become brown and 
; discoloured and the chloroplasts disappear. The fungus appears 
‘ to be the dominant partner and obtains its metabolic supplies at 
the expense of the host, damaging it to a certain extent by killing 
cells which it enters, but the liverwort still retains the power of 
growth and reproduction, and is able to control the endophyte 
to some degree, for starch in the cells is replaced by oil. 
Apparently the entry of the fungus is brought about by purely 
I mechanical means. 

In the sporophyte the action of the fungus is more drastic, and 
it has a twofold effect upon the tissues. The cells turn brown 
; and the chloroplasts are destroyed, and ultimately the cells die. 

The second effect is that the ceU walls undergo partial 
; disintegration, especially the walls of the capsule. Moreover, 
the endophyte is not confined to any particular region of the 
sporogonium, but mdiscriminately infests all the tissues. Ridler 
considered that definite symbiosis exists between fungus and the 
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gBmetophytic generation of but in the sporophyte the situ J 
tjon is probably one of parasitism. 

• Magrou has also investigated the mycorrhiza of Pellia. 
found that the strongly growing fertile fronds were immune from 
infection up to the time of spore dispersal and became susceptible 
to the entrance of the fungus at a later time. The oldest fronds 
showed profuse infection of the endophyte and, like Loliu?n, there 
was a conversion of arbuscules to sporangioles. Here the activity 
ot the fungus was in some way controlled by the host. In the 
younger fronds there was a protective zone at the base of the 
developing sporogonium, which brought -about immunity to 
infection by destroying the main hyphal branches. M^rou 
obtained his experimental plants from a highly acid soil («H 4 851 
whereas Ridler fomid in his case that the soil had a pH of 6-8 to 
y ^ it was nearly neutral. A possible explanation of tins 
discrepancy may lie in the fact that the endophyte can control 
the hydrogen-ion concentration of the cell sap of the gametophyte. 

home interestmg observations have been made by Chaudhuri 
and Rajaram on an Indian specks of Marchantia {M. mpalemU] 
which ^grows in the neighbourhood of Lahore. The thallus 
invariably showed fungus infection. The mycelium was only 
present m the gametophyte, and was confined to a zone of cells 
e ow the air-chambers. The e'ndophyte was isolated and grown 
on various^ artificial media, and it was discovered that if it were 
deprived of asparagin little effect was produced, whereas if maltose 
were removed growth of the mycelium quickly came to an end. . 
Although the thallus IS able to grow in the absence of the fungus 
e sporophytes that were produced quickly died off It 
supposed that this is a case of reciprocal symbiosis. The vreen 

SfnhT-'"' carbohydrates and the specific 

p y e IS necessary for the formation and maturation of the 
sporophytic generation. 
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Tree Mycorrhiza 

, A number of important investigations by Melin on tb 
mycorrhiza of trees falls to be recorded here. It was orilalh 
sljown by Muller that if seedlings of the mountain pine were usee 
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as “ nurse ” plants in the spruce woods of Jutland, they produced 
a remarkable influence on the latter. Prior to this procedure 
it had been found that the spruce trees rarely reached maturity. 
The young plants flourished for a time and then showed lack of 
growth and died back at the tops. Muller came to the conclusion 
that the mycorrhiza of the pine was the solution of the problem, 
and was the chief factor which brought about the improvement 
of the spruce. He examined the roots of the spruce and found 
that there w^as only one kind of mycorrhiza present ; this was an 
eetotrophic form wuth racemose branching, whereas in the pine 
an endotrophic mycorrhiza with dichotomous branching was 
present in addition to the eetotrophic form. He argued that the 
endophyte of the pine was able to fix molecular nitrogen and 
supplied organic nitrogen to the spruce. Unfortunately, he was 
unable to prove this fact. 

Melin, in a long series of papers, which can only be briefly 
dealt with here, has added materially to our knowledge of tree 
mycorrhizas. In Pinus sylvestris and Picea abies he discovered 
that the differentiation of the root system into long and short 
roots was dependent on fungus infection, because only the actively 
absorbing roots became mycorrhizas. In P. sylvestris three 
different types of mycorrhiza were distinguished: {a) GabeU 
mykorrhiza^ (6) einfach Mykorrhiza, and (c) Knollenmykorrhiza. 
The first type is the most common, and is developed in woodland 
soil with large supplies of humus. Its presence leads to the arrest 
of growth of the roots and the production of abundant dichotomous 
branching. The colour is most usually a golden brown. Knollen- 
mykorrhiza leads to the production of small tubers and presents a 
greyish colour. The fungi associated with this type of mycorrhiza 
are Boletus luteus, B, granulatus, B. variegatus and P. badius. 

In Picea abies two types of mycorrhiza have been described by 
Melin, racemose and simple. The former is usually present under 
favourable soil conditions, and both types are susceptible to a 
good deal of morphological alteration owing to the attack of a 
parasitic fungus, named by him Mycelium radicis atrovirens. 

In the Knollenmykorrliiza of the pine the individual roots of 
the tubers are cliaracterised by the presence of large cells in the 
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P^arenchymatous mantle surrounding the roots. There I 
also a considerable development of endotrophic infection in » 
cortical region and active digestion of the intracellular mvc r ** 
KnoUenmykorrhiza has not been found in spruce (P S' 

^loUemnykorrhiza yield fungi which all belong to the samVf^^ 

They showed paired branching of the mycetium in S 
condition, and clamp-connections were also present. The whoT 
group were given the name Mycelium radicis sylves^i, a b! 
Melm and were later showi to belong to the genus Boletus ’ In Z 

symis, ft, y and S, respectively, and apparently belonaed tn 
Owing to the poor growth of the mycelium in artificiol r>nit 

ThLa°pL“jXr 

Ma'>”'<«ialsoabletosyntli<»isemycorrI,iza, Pine and snr,i«. 

yedlmp were raised from sterilised seed and g.-OTOTn 3 

flasks in sand or humus cu]tnrp« tk h- ^ 

each of the forms termed by S' 

R n, HTtri 5 ! r • , , ^ J-uelm Mycehum radicis sulvestrh 

mye^hL 

eCw "er^rjtteSZ hSto S' 
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The mycorrhizal relations of larch did not meet with the success 
of the rest of Melin’s work. He concluded that Boletus edulis 
formed an obligate symbiotic relation with larch. This view 
has been rejected by Hammerlund, and the subject requires 
further investigation. 

The physiological aspects of tree mycorrhiza have also been 
considered by Melin. In the first place, the fungi concerned are 
all saprophytes and showed marked stimulation in contact with 
the roots of the host plants. This result is attributed to the 
presence of exudates from the roots, especially phosphatides. 
Carbohydrates are also possibly obtained, especially glucose. 

Melin gives a qualified assent to the view first advanced by 
Stahl that the fungus partner of the association supplies the green 
plant with mineral salts. It is true that the roots can take up 
mineral salts whether they be infected or not, but the great 
poverty of mineral salts in the superficial layers of raw humus 
may give the green plant a greater advantage for the absorption 
of these substances when infection of the roots has taken place. 

It w^as found that the endophyte in artificial media could utilise 
nucleic acids and other organic compounds, and in pure culture 
pine seedlings grown in the presence of the endophyte did not 
show the marked symptoms of nitrogen starvation compared with 
the controls— seedlings grown in the absence of endophyte. It is 
a well-known fact that woodland soils are markedly deficient in 
nitrates, and in acid humus soils plants with mycorrhiza would 
be at a great advantage, since they would be able to utilise 
the complex nitrogenous substances that are present through the 
medium of their fungus partners. 

The Physiological Roles of Endophyte and Host 

The question arises : What is the precise role of endophyte and 
host in their physiological relations one to the other. It is obvious 
from what has been said in the preceding pages that these relations 
are probably diverse in the extreme. The older view was that 
there was some kind of mutual benefit between the partners of 
this arrangement. Actually there is a fine balance of adjustment 
between endophyte and host. Ray ner found that if her cultures 
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of PAoma were vigorous and the seedling mclined to be weaklv 
len the fungus frequently consumed the seedling; Knudson 
obtained the same results with his orchid, cultures (although thi, 
IS denied by Ramsbottom), and concluded that the endophyte 
was definitely a parasite in nature, while Kusano discovered that 
m many cases Armillaria consumed and destroyed the tubers of 
Gastrodia. It is therefore possible that the mycorrhizal habit 
bepn by a parasitic attack of fungus upon green plant, and that 

If the ^fungus be controlled, in what way does it benefit the 
ig er plant . In the very clear case of the Leguminosa: the 
gieen plant is supplied with organic nitrogen. It was natural 
t leiefore, that the same suggestion should be made for endophvtio 
inycorrlnza Unfortunately, until recent years the evidence on 
tns point has been highly conflicting. As far back as 1907 
Ternetz made some very careful estimations on the nitrogen- 
fixing powers ot Phmia, and recorded the fact that this fungus 
was a e to fix free nitrogen from the atmosphere. Exact 
I e .erminations by Nielson Jones and Llewellyn Smith have 

Z-tTh closed chamber apparatus 

1 ed by Blackman and Bolas, they showed that Phoma radids 

atLsuh"*^ '' ^®^^»tely able to assimilate 

atmospheric ni rogen. The use of an apparatus entirely closed 

Immon- T .r’ ™ to the presence of 

uSn ° ? A nitrogen compounds, the nitrogen 

of obtained electrolytically. The amoLt 

0 the order of 

0-00095 gm. for every 0-345 gm. of glucose used. 

eviinJe IT, there is at present no definite 

niWen W Iff endophyte is capable of fixing molecular 
abUtn ,T theoMm that the endophytp he was 

able to isolate in pure culture from the roots of Neottia Ls able 
to assimilate free nitrogen, but this work requires reinvestigation. 
latte^anT'f I^ndson’s observations. The views of the 

above). The role of the fungUs in the Orchidaeese would seem 
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I to be that of hydrolyser of carbohydrates for the germinating 

i seedling with its poor supply of food reserve. But even this 

; result does not explain the presence of the endophyte in the roots 
' after germination has been successfully accomplished. The fact 
that the hyphse are consumed is significant, and it is equally 
I ^ significant that the endophyte is not allowed ingress to the stele, 
i But whether Bernard’s original view that the orchid suffers from 
f a benign ‘cryptogamic disease be correct or not, or whether the 
! fungus has some definite physiological rdle in the metabolism of 
the higher plant has still to be shown. 

Families of flowering plants which possess mycorrhiza show a 
! gradual trend towards the saprophytic state. This is clear in the 
Orchidacess; it is equally clear in the Ericales, in which the 
Pyrolaceae show a very marked series of forms which exhibit 
more and more strongly the saprophytic habit. It may well be 
that the first stage of the mycorrhizal habit was to make the 
seed dependent on the presence of the fungus for successful 
germination, and that later the fungus relieved the higher plant 

I of some of its metabolic functions. If this be the case, then it 
would seem that the photosynthetic mechanism has been tampered 
■; with and the fungus supplies the higher plant wdth organic food. 
m The evidence accumulated by McLennan seems to be very clear 
I on this point. In LoZmm there would appear to be little doubt 
I that the function of the endophyte is to supply fat or oil. 

I 1 : Theory o£ Double Infection. Peyronel has advanced the view 
■’ that two different fungi are involved in mycorrhizal infection. 
I PeyroneFs own work w^as mainly concerned with wheat, and he 
■ arrived at the conclusion that two different types of mycelium 
; were present in the same cells and showed similar structural 
features. Later, however, he modified these views. Taking the 
case of the Orchidaceae first, we have here a member of the 
Eumycetes as the endophyte ; in the rest of the flowering 
; plants the endophyte shows characteristics which point ^to it 
being a member of the Phycomycetes. He therefore regarded 
infection in endophytic mycorrhiza as being of a composite 
character. One of these, usually less well developed than the 
other, is of the Rhizoctonia type characteristic of the orchids ; the 
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other shows features characteristic of the Phyeomycetes. TIi. 
mycelium of the latter has a wide distribution in damp humus 
01 s and forms an investment round the roots of plants growing 
in such situations. It lives saprophytically on the dead tissni 
present in this substratum and forms vesicles rather similar in 
appearance to arbuscules. In the majority of plants Peyronel 
would consider that the following stages are passed throu..h in 

firsfof possessing arbuscules and vesicles 

fiist of all makes an entrance and develops chiefly in the outer 
coitex, where it produces arbuscules and behaves generally like 
a saprophyte or partial parasite. At a later stage a second 
mv asion takes place by a mycelium of the orchid type of fungus 
Peyronel has been able to isolate from a numbeVof diffemnt 
pecies of flowering plants, such as Solanum tuberoswm, Nicola 
alpma, Daucus carota. Beta vulgaris, Hordeum 

to the showing characters similar 

to the Rhtzoctoma of orchids. He has not up to the present been 
able to ISO ate the endophytes belonging to the second group. 

The problem of the second type of mycorrhiza, i.e., ectotropliic 
mycorihiza, has always led to a good deal of controversy. The 
ear y workers, e.g., Tulasne and others, regarded the relation as 
e o simple parasitism. This view was later modified and it 
was thought that the higher plant obtained some kind of bentfit 

that the 

MS aHrf ‘ i. ''““tly twnt tte soil, bat 

was a ded in the process by the mycelial weft surrounding its roots 

of theTo I rZ I • ™ 

P.aht. AnotheZy^ tZtTgul'tiT^: trZZ'" 

Ze*pisS'oZoT‘ '“'"Z 
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M very materially to our knowledge of this port of the subiec? 
This invest, gator's results have already been diseuZd iZei 
Tree Myoorthm, and will not be further considered here. 
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Laud Flora is dealt with from a new angle and with considerable 
vigour and freshness of outlook. 

In bis memoir {Somatic Organisation of the Phceophycece) Church 
gives a classification of the plant-forms in the Phseophycese in 
order of increasing complexity and efficiency of structure, and 
the relation of various structures to the factors of environment 
is discussed in detail. A short summary is given below of the 
series:— 

1. Ectocarpoid Forms, The examples chosen are Eciocarpus 
and Fyhiella, The plants in this group are composed of much- 
branched uniseriate filaments. The chief advantage to be derived 
from this type of structure is that every cell is fully exposed to the 
external medium, but it also has the disadvantage of inability to 
withstand heavy seas and prevents the attainment of great size. 
Sphacelaria is also placed m this group. It differs, however, 
from Ectocarpus and Pylaiella in that intercalary growth is 
replaced by apical growth from a single large apical cell and the 
multiseptation of its products. This arrangement gives rise to 
increased strength, but nevertheless the plants remain small. 
Increased cortication in the higher members allows of cells in the 
older axes to receive less light, and these are no longer in direct 
contact with the external medium. Cladostephus is an advance 
on Sphacelaria, and shows further outgrowths from the primary 
cortex and develops a secondary cortex or “ mantle/’ which 
materially adds to its mechanical strength. 

2. Cable Type. Mesogloia may be taken as an example of this 
type of arrangement. Axial strands of large cells or filaments, 
which are frequently strengthened by interwoven hyphal growths, 
are present. The whole is invested with tufts of branches radially 
arranged like a palisade, and these are embedded in a matrix of 
mucilage. These tufts of branches (“ ultimate ramuli ”) bear the 
sporangia, and are also the photosynthetic tissue. Chordaria is a 
more advanced member of this group from the point of view of 
efficiency and condensation. 

3. Multiseptate Cable Type. Chorda is taken as the chief 
example for this type of structure by Church. It is considered 
to extend longitudinally to the limit of mechanical cohesion and 
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hapteron-system, and individuals may attain as much as 40 fee 
m length m quiet waters, while a filamentous type only reach! 
a httle more than a foot in range. Church also Joints out tt 

substratum, and therebJ allt 
of indefinite gregarious association.” J Ms 

includes Desmarestia, 4rthn 
cladra Stilophom and Spermatochnus. In Desmarestia an axis is 
present consisting of branching uniseriate filaments with trieho 
thallm growth but this is obscured by the development of mul 

pseudo-parenehyma,duetothegrowthofdescendingramuli Thi 

bulky mass of tissue may show a certain amount of dilferen iaS 
and the success of the strengthening device allows of Te planfi 
to attain a length of from 4 to 6 feet. During the sumniJr the 
p ^ts bear delicate branches in groups, and these are shed before 
wintei, an apparently seasonal adaptation. 

5 Pareiwhymatous Type. Laminate forms {Punctarie,\ u.a 
tubulate forms (Asperococcus) are included here. The parenehv 

tjpe by the suppression ot external tamnli, localisation and 
immersion o( the sori and immersion of the sporanl ° “ 
parenchymatous thallus. According to Church! locahsation' of 
^ e soms IS always to be taken as tlie indication of a preceding 
conditmn of diffused production of similar ramalia-systeL. 

Improved Parenhymatous Types. The culminating ineinbeis 

of this group are the Laminariacea. and Fucace*. which pmsen 

of mmiberfif et b"'" K ^"""7 ^ differentiation 

members and elaboration of tissue-systems which are far in 

desJr^on of thes??"' Thallophyta. For a full 

clesciiption of these forms the original should be consulted. 

of tb hyaline hairs, which are characteristic 

o miSr T"'*" Pd^ophyce., has led to a good S 
conjecture from time to time, and the matter has been redis 

Sn r"“““ 

pointed out thst th^f'? " Southampton. He has 

regarfto tebtJ il ® ™S8ostions have been made with 

(a) That they respire and absorb nutritive material. 
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(b) That they serve as shock-absorbers and prevent injury to 

the plant from friction. 

(c) That they protect against intense illumination. 

{d) That they protect against epiphytes. This is hardly true, 
for Chorda often bears luxuriant ectocarpoid vegetation. 

\e) Church describes them (but with some hesitation) as mucilage 
organs, and calls them “ mucilage hairs.” 

Lloyd Williams makes the suggestion that in muddy water 
these hairs effectively prevent the accumulation of sand and silt 
from settling on the thallus. He found, for example, when 
collecting Dictyota on oyster banks in the Menai Straits, that 
passing steamers sent waves that churned up the mud, which 
afterwards seemed to cover the Dictyota plants. A slight move- 
ment of the water, however, shook off the dirt, which w^as then 
seen to be caught and suspended in the web of hairs. Nevertheless, 
Lloyd Williams questions whether this feature be a primary 
function of the hairs. 

The Phaeophycese within recent years have been the centre of 
a number of particularly interesting researches on their methods 
of reproduction. Reproduction in this group varies from simple 
isogamy to pronounced oogamy, and in the higher forms there is 
a, well-marked morphological alternation of generations. 

The group is a remarkable one from several points of view. 
It forms the present dominant flora of the sea, and the higher 
members are the most highly differentiated, as regards their 
somatic construction, of all the Thallophyta. In form they range 
from simple discs of tissue through filamentous forms to a full 
differentiation of tissue systems. In some of the Laminariales, 
for example, the presence of true sieve-tubes have been described. 
In geographical distribution they range from the Arctic to the 
Antarctic shores. 

Classification 

The incompleteness of our knowdedge of the reproductive 
processes in these forms until within recent years has made the 
classification of the group very empirical. Oltmanns, in his 
second edition of Morphologic und Biologie der Algen {Zweiter 
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Band), recognises seven orders: ( 1 ) Eetocari 
larides, ( 3 ) Cutleriales,, (4) Laminariales, 

(6) Dictyotales, and (7) Fucales. 

_ Kylin grouped ( 1 ), ( 2 ) and ( 3 ) into the sin 
Fdffiosporeae-and suggested that it contained t] 
forms ^ of the Phasophyee®, from which two 
evolution have emerged : (a) towards the Fucale 
«ie Laminariales, with a subsidiary branch 

-Dictyotales and Tilopteridales 

Laminariales 
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Tilopteridales 
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methods of reproduction are more complex than was originally 
I supposed. The thallus here is built up of ramifying filaments 
' and the plants . are often epiphytic on the larger Browns. 

Unilocular and multiiocular sporangia are present. Till recently 
it was usually considered that asexual zoospores were contained 
in the unilocular sporangia, whereas the multiiocular sporangia 
gave rise to the gametes. Miss Knight, however, has shown that 
for Ectocarpus siliculosis growing in British waters the reverse 
is the true state of affairs. She has investigated tw^o genera in 
tin's family : Pylaiella and Ectocarpus^ whose life-histories will 
now be discussed. 

Pylaiella, The main difference betw^een Pylaiella and 
i Ectocarpus lies in the fact that the former possesses intercalary 
sporangia, wiiereas in the latter they are either lateral or terminal 
in position. 

Pylaiella can undergo a complete cycle of change in form during 
its growdh period, largely owing to the fact that truncations occur 
and the filaments break at the position of the intercalary sporangia. 

! Pylaiella is an epiphyte on the larger Browns, and it has been 
1 ascertained by Knight that the host plant in -early spring is 
I Ascophyllwn nodosum. The epiphyte makes its appearance 
I between the main thallus and fruiting branches of the host. 

! Later invasion spreads to Fucus vesiculosis^ so that a second wave 
of invasion is generated in the early summer with Fucus as the 
• host plant. The locus of attachment here is the mucilage hairs 
' of the conceptacles. In late summer a third wave of invasion 
: is generated, with Fucus serratus as host, and the locus of 

attachment is now the bushy mucilage hairs of the conceptacles. 

Unilocular and multiiocular sporangia are present, and Knight 
has now show'll that a definite if somewhat fluctuating alternation 
of generations is present. There are two kinds of plants— 
haploid and diploid — the haploid bear multiiocular sporangia, 
giving rise to zoids which fuse in pairs to form zygotes, and 
therefore are the true gametes, and finally diploid plants are 
produced. The diploid plants bear both multiiocular and | 

unilocular sporangia. The unilocular sporangia contain zoospores 
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haploid plants once more^ whereas the multilociilar sporangia 
form neutral swarm spores carrying the diploid number of 
chromosomes, which later develop into diploid plants. Diploid 
plants can in this way be produced for a number of generations. 

According to Knight, the cycle of these plants in their natural 
habitat is as follows : in the early spring the liberated zoospores 
give rise to haploid plants attached to AscophyUiim nodosum. 
The latter produce haploid gametes in miiltilocular gametangia 
which fuse in pairs and yield diploid plants. These latter now 
reproduce themselves by means of diploid neutral swarm spores, 
whose development leads to a long succession of diploid plants 
confined to Ascophyllum in the early summer, but gradually 
spreading to Fucus vesiculosis, and finally to F, serratus. On 


the latter, the cycle of development is completed with the 





formation of the haploid zoospores. The life-cycle is shown 
diagrammatically below:— 


Pylaiella plant on Ascophyllum 
yf (x) with plurilocular gametangia 


Asexual spores 


gametes (fusion) 


Pylaiella {2x) on Ascophyllum 


2x neutral swarm spores in 
^ plurilocular sporangia 


Meiosis in unilocular 
sporangium 


Pylaiella (2x) on P» vesiculosis 


^ I ( Pylaiella (2x) on F, serratus 
in late summer and autumn 

ot Pylaiella Uttoralis. 


Knight is in agreement with Kuckuck that Pylaiella is a 
primitive form. If this be the case, it is of considerable interest 
to observe that the rather fluctuating type of alternation of 
generations exhibited by Pylaiella has become completely 
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stattfeed in the Dictyotales. The parthenogenesis that has 
been observed in the genus is therefore not to be explained 
as a degradation of potential gametes, hut rather as a primitive 
type of reproduction. Sexual reproduction by the fusion of 
isoganious gametes is considered to be of secondary origin, and 
finally, the reduction in chromosome number is postponed through 
many generations. 

Ectocaqnis. In Ectocarpus itself it has usually been considered 

that the products of the multilocular sporangia are gametes which 

fuse in pairs, while the unilocular sporangia give rise to asexual 
zoospores wdiich germinate directly to produce fresh plants, and 
is a rapid method of propagation. The situation is, however, I 

more complex than was originally supposed. 

Miss Knight has investigated Ectocarpus siliculosis growing at ; 

Port Erin and also forms growing in Naples. This plant is a ' 

summer annuf 1, but in quiet conditions has been known to persist 
to late auturi^n. , Fucosan is produced in large amounts in the 
cells, and is iisually arranged in glistening droplets round the 
nucleus in the r<entral vacuole. 

The various stag*|!s in sporangium development are associated 
with rhythmic chanjbes in the supply of stored food material. At 
certain stages of d^’elopment fucosan is present, and gives a i 

strong reaction witl^jmillin and hydrochloric acid. A little later 
this may disappear ' imake its reappearance at a still later 
stage. Both unilocui \nmltilocular sporangia are present. 

The latter arise as pa*®*' SP* by an oblique wall from a cell 

of the fllamenfr‘**iiftrease in leng^ occura^astf^eiT'-wartition is i 

I followed by cross-walls at right angfcs~to the longer axisi'^;Two 
i cells are thus established, and further division leads to J 

. formation of a short, stout filament. A definite zone of intercalary ^ — 

• growth makes its appearance at the base of the filament, and the 
mature sporangium may consist of as many as 600, approximately, 
cubical loculi. The zoids are typically Phmophycean in shape. 

They are biciliate, pear-shaped bodies, with a central nucleus and 
I two disc-shaped chromat ophores, two pyrenoids and a conspicuous 
eye-spot. The unilocular sporangia are not of such common 
occurrence as the plurilocuiar organs. They are ovoid or elliptical 

E.A.B0T. 

I 

I 
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the products of the unilocular sporangia were haploid (8 chromo- 
somes). 

Direct observation showed that the zoids from the plurilocuiar 
sporangia settled down and germinated directly into new plants, 
wliereas eopulatioD occurred between zoids from the unilocular 
structures. The life-cycle of the Port Erin plants is shown dia- 
grammatical! y on page 194. 

In the Naples plants, on the other hand, the situation was found 
to be very different and more comt^lex in nature. Here the somatic 
tissues bore the haploid number of chromosomes, le., 8, yet 
morphologically the plants were similar to the Port Erin species. 
The zoids from the plurilocuiar sporangia fused in pairs, and no 
unilocular sporangia could be found. Some years ago Betthold 
stated that unilocular sporangia are to be found on young plants 
raised as germlings in culture vessels. Thus, in the absence of 
direct cytological evidence, there are several alternatives possible 
in the life-history of the Naples plants, differing according to the 
])oint at which meiosis may occur in the life-cycle : — 


New 

Meiosis — Plant 


E, siliculosis —> Plurilocuiar sp. — > Zoids (gametes) 
(x) - (xV (x) ' 


Zygote 

/2x) 


Plurilocuiar sp. Zoids (gametes) 


Unilocular 

is^rangium 


New Plant 


B. silimlosis 


Plurilocuiar ^ 
sporangium Meiosis 


JEdocarpus plant 


Zoids (x) 
(Asexual) 


Plant ^ 

(2x) * i 

^ Zoids (2x) 
(Asexual) 

Life-cycle of Edocarpua ,*iiliculosis living at Naples, 
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The question arises here whether environmental conditions 
affect the anomalous distribution of haploid and diploid thalli. 
In British waters the plants last from March or April till late 
autumn. In Naples they are produced at an earlier date 
(February), but die off in the heat of summer. It is possible that 
distribution is in some way affected by the temperature factor. 

Ectoearpus Padinae. Sauvageau (1920) has described a curious 
situation in this species. E. Padinai is a parasitic Brown on 
the thallus of Padina Pavonia, and possesses three different 
types of plurilocular organ : “ megasporangia,” “ meiosporangia ” 
and “ antheridia.” The mega- and meiosporangia release zoids 
which germinate without fusion, i.e., they behave like asexual- 
zoospores. The spermatozoids, on the other hand, produced from 
the antheridia are apparently functionless. No unilocular organs 
of any kind have as yet been discovered. 

SphacelariaJes 

This order includes three families, Sphacelariacem, Clado- 
stephacem and Stypoeaulaeem. The thallus shows cortieation, 
and growth in length is by means of an apical cell, and is not 
intercalary as in the Ectoearpales. 

The life-history and cytology of Spkacelaria bipinnata (Sauv.) 
has been investigated by Clint. The plant occurs on Halidrys 
siliquosa on the Manx and W eM^H*oasts, but in more so xherly 

regions is the host plant. 

The young pla^.^s of S. bipinnata ai'e to be found on the fronds 
of H. stliquaod n. February and March at a time when Halidrys 
starts active growth once more. But it can only be seen 
at this period by microscopic examination. 

The host tissues are penetrated to a considerable extent (Fig. 44 ), 
and It would appear that N. bipinnata is partially parasitic, since - 
sections treated with vanillin and hydrochloric acid show a pink 
coloration in all parts olHalidrys, with the exception of the regions 
immediately surrounding the penetrating filaments. 

Both unilocular and multilocular sporangia are present, 
trary ^ to the views of Sauvageau, the former are the f 
gametangia ; the latter function as zoosporangia. 
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The imilociilar sporangia are supported on a unicellular stalk. 
They are at first oval, but later become spherical and arise in the 
same way as lateral branches. A stalk-cell is separated from the 
sporangium rudiment and the latter is at first uninucleate. The 
mother cell of the sporangium now enlarges considerably. Two 
nuclear divisions occur and constitute a meiotic phase and the 
chromosome number is 


halved. Further nuclear 
divisions follow and are at 
first confined to the peri- 
phery, but later move to the 
centre. The chromatophores 
also divide at the same 
time. The cytoplasm sepa- 
rates into rounded masses 
and each mass contains a 
single nucleus and four 
chromatophores and becomes 
the gamete. S p o r a n g i a 1 
dehiscence is brought about 
by swelling ; the wall dis- 
solves locally and the 
gametes are liberated through 
an apical pore. 

The plurilocular sporangia 
also occur laterally on 
unicellular stalks and are 
cylindrical in shape. In 
their formation a stalk-cell 
is separated from a sporangium rudiment. The nucleus of the 
rudiment undergoes division, the spindle being parallel to the 
long axis of the cell. ’ 

The products of the unilocular structure are undoubtedly 
gametes. The zoids are released in a mass surrounded by a 
gelatinous envelope. This* envelope dissolves and the gametes 
are set free and swim about freely. They unite in masses of 2, 
3, 4 and 5, and the individuality of each zoid is lost. 



Fig. 44. — Sphacelaria hipinnata on 
Halidrys mliquosa, showing pene- 
tration of host tissues. (After 
Clint, Piibl. Hartley Botanical Lab.) 
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luultilocular gametangia are developed on the prothallns, each 
with 2 to 12 loculi. Each loculus gives- rise to a single gamete, 
which escapes by means of a terminal pore. Conjugation was not 
observed, but undoubtedly takes place, since rounded bodies 
were observed with two nuclei and two chromatophores, and 
these germinated to give the essential thallus of Bictyosiphon. 

Scytosiphonaceae. As in the Dictyosiphonacese, no gametangia 
had previously been observed in the Scytosiphonaceae, It 'vias 
noticed by Yendo in Phyllitis fascia that the zoospores are strongly 
phototactic and of the usual Phseophycean type, with chromato- 
phores, eye-spot and unequal cilia. They come to rest and form 
themselves into spherical masses and remain in this condition for 
a week. A short process is now thrust out at one side. Nucleus 
and chromatophore divide and a cell wall is laid down. Further 
division leads to the production of a protonemal-like structure. 
A wart-like process is formed on the initial cell and later develops 
into a hair. 

The cells of the filament now undergo great changes, and one or 
more swell up greatly and show dense contents and become 
mucilaginous. These are the antheridia. In other filaments 
similar changes also occur, and the chromatophores become more 
intense in colour, and frequently a series of swollen cells are 
formed. These are the oogonia. 

Laminariales 

Two families are at present recognised in this group — the 
Chordaceas (with one genus, Chorda) and the Laminariace^e. 
Further subdivision of the order is probably necessary, and Lloyd 
Williams has suggested that Sacchoriza should now be elevated to 
family rank. 

There is a well-marked morphological alternation of geirerations 
in the group. The conspicuous generation is the sporophytic one. 
These produce zoosporangia which are contained in elongated 
sac-like organs (Fig. 45, 1). The sporangia are produced in more 
or less well-marked sori, which are localised in character and are 
mixed with paraphyses. Chorda is exceptional in this connection, 
and the sporangia occur over the whole surface (Fig. 45, 2). In 
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and its allies {Hiro7ne, Lhidanam\d Pte^^ 
restncted to special sporophylls. In Postelsia and Macroctmis 
1 C sporangia are borne on longitudinal furrows in the fronds. 

. le paraphyses are non-septate structures, and, with the exception 
thc'^^p^*^”^* CAofda, possess a special hyaline appendage at 

The zoospores from the zoosporangia germinate to give a 
prutonemal-like prothallus, which is the haploid or gametophyti'c 


jC. 

l^G. 4a.— ( 1 ). Sporangia of Note the 


ion. Up to 1915 nothing was known of the sexual repro- 
of these forms, and it is only since that date that the 

sdution of the problem has been found, largely owing to ti e 
labours of Sauvageau and Kylin. <= h to tnc 

T ° described the zoospores in Laminaria digitata and 
.. mcc/imna as fusing in pairs. Later (1912) Lloyd Williams 
pointed outdhe inherent improbability of such a state of affairs, 
at that time it had been established in other groups of the 


LAMINARIALES 


201 


Pliiieopliycese that the products of the unilocular sporangia were 
the asexual form of reproduction. In 1915 Sauvageau announced 
his discovery of the gametophyte of Sac cjim-k a. Prior to this 
discovery, Lloyd Williams had actually seen the gameto])li3^te 
generation of some of these forms, but was unable to interpret 
theni; 

Sauvageau showed for Sacchoriza that the zoospores come to 
rest, round themselves off and later become pear-shaped — the 
length greatly exceeding the diameter. The contents of the 
zoospore pass to the narrower end, leaving the lower region 
empty. This is the female gametophyte. The male gametophyte 
is a rather more complicated structure, and is composed of several 
cells. On the male prothallus each antheridium gives rise to a 
single sperm with two lateral cilia. 

The zoospores from a single sporangium were found to give rise 
to both male and female gametophytes. In a number of cases 
the sporangia did not liberate their zoids ; the walls became 
greatly swollen and the zoospores germinated into the two kinds 
of gametophytes while still enclosed within the sporangial wall. 

A year later (1916) Sauvageau discovered the gametophytes of 
Laminaria flexicaulis and L, saccharina. As in Sacchoriza^ the 
zoospores come to rest, round themselves off and nucleus and 
chromatophore divide, and daughter halves pass into either end of 
an enlarged tube which has now been formed by the zoospore. A 
wall is laid down across, and an ‘ ■ embryospore ” is cut off from the 
rest of the structure. Further development leads to the formation 
of a few rows of cells, and male and female prothalli are formed. 

in Sacchoriza, each antheridium gives rise to a single sperm, 
which is released before the female gametophyte in the same 
culture has reached maturity. The female gametophyte is a 
more complex body than in Sacchoriza, And is composed of several 
cells, and any cell can give rise to an oogonium. Before fertilisation 
(which was not observed by Sauvageau) the oogonium swells, 
elongates and the oosphere emerges through a terminal aperture 
a.t the end of the protuberance. 

Kylin has confirmed this wmrk of Sauvageau for Laminaria 
digitata, and Lloyd Williams has discovered the presence of the 
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ic generation in a species of Laminaria in this 
■ageau, Lloyd Williams ( 1921 ) found that the zoospore 
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newly formed enlargement, A wall was formed across and the 
gametopliy te elongated slightly. The wall covering the narrower 
end became greatly thickened, and was later differentiated into 
three layers, the middle layer showing, a lamillated appearance, 
A narrow fissure then appeared at the opening of the oogonium 
and the contents were pressed out. When the whole of the 
protoplast had emerged, the thick wall closed elastically, and the 
only evidences of the aperture were a faint line and a rim or collar, 
enclosing the base of the protoplast, which remained seated in a 
narrow cup, 

fn Chorda the gametophytic generation is a larger structure 
than in Laminaria, The protonemal-like strands branch again 
and again in a very irregular manner. The egg emerges in the 
same way as in Laminaria, but always remains enclosed within 
the inner wall of the sporangium. The wall of the oogonium 
swells slightly, the outer layers burst, and the contents, still 
attached to the extensible inner wall of the oogonium, pass out 
to the exterior. 

Lloyd Williams (1921) has made some interesting observations 
on the fertilisation of the egg in Chorda, Fertilisation may not 
take place for some six months, and certainly does not oecur at 
a shorter time than three months after the formation of the 
gametophyte. The oospheres, after their emergence from the 
oogonia, were observed to be surrounded by spermatozoids, and 
preparations were obtained showing two gametic nuelei within 
the newly fertilised eggs. 

The Japanese genus, Laminaria religiosa, has been investigated 
by Ikari. As in the other species of Laminaria, the gametophytes 
were usually dioecious and only rarely monoecious. The antheridia 
were often formed in a continuous row, and in general appearance * 
were very similar to the plurilocular sporangia of Ectocarpus, 
The oospheres escaped through a terminal aperture of the 
oogonium and remained seated in a funnel-shaped hollow formed 
by the neck of the oogonium. 

A curious situation has been described for Macrocystis pyrifera 
by Delf and Levyn. The sporangia here occur in special sori 
on more or less specialised fertile fronds. The zoospores appear 
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to W of two and give rise to f,Iai.,e..fs of different length, 

It, t Vtophyte could be 

atiaclied to tJiese structures. 

Doubt has been cast as to wliether these curious protonemil 
ke filaments obtain in the sea, and it has been su^^gested that 
hey are possibly the products of artificial culture. Tht obttio , 
however is no longer valid, for Ikari has claimed to have seen ti e 
game op iy ic generation of Laminaria religiosa in the natural * 


^ Presumably male 

IJelf&LVyn.AuL sT^^^ female gametophyte. (After 

habitat of this plant, while Lloyd Williams has observed the 
gametophytes of Charda in the sea at Aberystwyth 
The Taxonomic Position of Chorda and'sacchoriza. Till the 
discos ery of the gametophytic generation of Chorda, its taxonomic 
p 1 ion ga\ e rise to a good deal of discussion. But both the 
histology as well as the method of reproduction, as they are now 
known to us, undoubtedly show it to be a true Laminarian It 
possesses, however, a number of peculiarities which mark it out 
as being somewhat apart from the rest of the family. Accordiiw 

featmrof IhriSd ^ "" Primitive type. It is a characteristic 
katiue of the muddy reaches and gravel bottom of the sea in 

which the larger Lammarians and Fucoids cannot obtain a secure 
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footing. In length it may reach as much as 40 feet as a slender 
whip-like thong, and in morphological features it is unlike the 
rest of the family. Moreover, as Lloyd Williams has pointed out, 
the fact that the oosphere does not emerge from and remains 
attached to the inner wall of the oogonium, and that the mouth 
of the oogonium remains open, shows that Chorda is perhaps not 
so closely related to the other genera. Three other facts have also 
to be considered : the peculiar form of the thallus, the fact that 
the sporangia are distributed over the whole surface, and, in spite 
of its energetic growth, its annual character. 

The taxonomic position of Sacchoriza is also difficult. In its 
internal structure it is so different to the other genera that Lloyd 
Williams (1925) has suggested that it should take its place as a 
separate family. It is true that the method of reproduction is 
closely similar to that of the rest of the Laminarians, but in other 
features it is widely different. The whole plant is unique. The large 
basal bulb, the twist at the base of the large flat stipe, the curious 
furbelows and the strong fibre-like cells that are present, and the 
fact that the sporangia cover the base of the bulb, as well as the 
stipe and part of the lamina, the disappearance of the enormous 
lamina and stipe at the close of the growing season, and the 
continuation of spore production during winter on the persistent 
bulb are characteristics peculiar to Sacchoriza itself. 

Dictyotales 

There is a well-marked alternation of generation present here. 
The reproductive organs are of three kinds — male, female and 
asexual. The female sexual cells consist of non-ciliated oospheres 
and the spermatozoids have but one cilium. The asexual spores 
are non-motile and are known as tetraspores, being borne in 
groups of four in tetrasporangia. Thanks to the labours of Lloyd 
Williams and others, the formation, development, and method of 
fertilisation are now well known and need not be discussed here. 
There are, however, a number of curious and obscure points in 
connection with the fate of the tetraspores and the development 
and distribution of the sexual plants that are still in need of 
investigation. 
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ISTeyertheless, Taotiia and Padhui 
alinost entirely tetrasporie. 
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/ ^-w’ter has 

that tetraspore foi*matiou follows a roduc- 
-eelL In Padina^ and also 

raspores germinate to give 

ised eggs to give tetrasporie plants. 
^ 'owing in British waters are 
Similarly, Dietyota dichotoma 
ourainea irom Uarchgan Bay is always asexual. Padina Pavol 
IS m<iinly to be found in the Mediterranean, and has but a limited 
chstribu ion in these islands. On the eoasts of Hampshire and 
Cornwall, Carter found an abundance of asexual plants, but no 
sexual forms Yet the tetraspores germinate with extreme case 
to give sexual plants. It was suggested bv Churr.!-, 
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j)t)sition is practically reversed, and the production of the crops 
is much retarded. Iii Plymouth the sexual organs are also 
produced at fortnightly intervals, which bear a definite relationship 
to the tides, but the times differ from those prevailing at Bangor. 
Similarly, it was shown by Lewis at Naples that the formation of 
the sexual cells takes place at definite periods of fourteen days. 
The rudiments appear at about the time of the neap tide, and the 
mature gametes are released at the following neap tide. Hoyt 
discovered thsit Dictyota dentata growing at Port Antonio and Port 
Morant, on the Jamaican coast, also showed evidence of periodicity 
in the formation of its sexual organs. The female plants from 
Port Morant bore crops of two different ages, the younger of 
tliese being at the corresponding stage of development to the sori 
of the male plants collected at the same time, but the length of 
time taken by the crops to mature is so long that there is no 
perceptible development in them over a period of twenty-one days. 
Hoyt also examined the question of periodicity over a number of 
years at Beaufort in New Carolina during the summer seasom 
In this region the fruiting of the plants invariably occurred at the 
spring tides of the full moon, quite regardless of a greater or lesser 
set of spring tides of the lunar month. So clear was this relation- 
ship of fruiting to the time of the full moon that it was possible to 
accurately forecast the fruiting period from a calendar giving 
the date of the full moon. The presence of a full moon was the 
requisite factor, and the actual height of the tides did not affect 
the situation. Even during October, when the weather was cold 
and fruiting was generally retarded and irregular, no set of 
conditions could induce fruiting to take place other than at the 
time of a full moon. It is interesting to see ho w firmly impressed 
is this periodicity upon the plants. Hoyt, for example, removed 
specimens to the laboratory, and, although it is true a number 
died, those that still retained living portions of thallus bore fruits 
at the same periods as plants living under natural conditions. 
The tetrasporic plants, on the other hand, show no sucii periodicity 
as the sexual forms. 

According to Hoyt, no single factor, or even group of 
factors, will account for the curious rhythmic fruiting shown by 




Bictyota.. It is apparently independent of external r a-.- 
such as temperature and height of the tide * Nex 
periodicity has become deeply impressed on ^ the 

rhythmic fruiting periods hfve been synchronted^w-tr’ r 1 
external conditions ; in fact, so much'rthis thf 
the plants are removed to laboratory conditions awav 
influence of their natural rhythmic habitat 
synchronises to the conditions of their habitat’ "" still 
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mitosis ill the oogoiiiiim leads^^ to the reduction of chromosome 
number. Presumably, if antheridia be absent, the eggs must 
develop parthenogenetically. 

The discovery of a fluctuating alternation of generations in 
Pylaiella and a morphological alternation in the Laminariales 
opens up anew the whole question of alternation of generations 
in the Phseophycem. The main discussion is, however, concerned 
with the situation presented by the Fucacese. According to 
Strasburger, Fucus to be regarded as a sporophyte, and the 
so-called oogonia and antheridia are to be regarded as 
corresponding to the tetrasporangia of Dictyota ; in other words, 
they are mega- and microsporangia respectively, and the 
gametophytic stages are limited to the few succeeding nuclear 
divisions, resulting in the formation of oosphei^es and sperms. 
Yamanouchi has taken a similar standpoint : “ In Fucus fhe 
antheridial and oogonial initials may well be compared with the 
spore-mother cells of higher plants, and the four nuclei in 
these structures thus produced may be compared with microspores 
and megaspores, which in Fucus germinate at once within 
oogonium and antheridium and the gametophytic generation 
thus initiated undergoes only one mitosis in the oogonium and 
four in the antheridium.” Lloyd Williams has also taken a similar 
view. The case of Lammana, in which the gametophyte consists 
of a single cell separated from the zoospore by a single nuclear 
division, makes it easy to adopt the suggestion that the so-called 
oogonia and antheridia of are sporangia. 

Church, on the other hmtd, has taken the view that Fucus is 
a gametophyte, and is thus comparable to an animal. There is 
only one method of reproduction in the Fucacea; — by oospheres 
and spermatozoids. To Church represents a perfectly 

straightforward story. It stands on its own merits. In older 
phraseology the soma is a gametophyte, because it actually is a 
plant (pby ton) which reproduces gametes (and nothing else). To 
call it the con verse to bolster up what is now an ancient speculative 
suggestion of Strasburger (1894) is the reductio ad ahsurd.um of 
ill-advised theoiy.” 
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ALG^ (continued) 

PLORIDEiE 

Male Organs of the Floridem — Basigiahs — Nemalionales — 
^Abnormalities in the Production of Re^productive Organs in the 
Floridece—Life-history and Taxonomic Position of Certain Selected 
Floridem. 


A SHOET, but excellent, historical introduction to the Florideai 
has been written by Dr. Church in the Journal of Botany, and 
those interested in this aspect of the group will hnd therein the 
gradual manner in which it came to be realised that the Red 
Algse were a large and significant group of plants, with, in many 
cases, curious and elaborate life-histories. The account is also 
interesting from the author’s views on the alternation of genera- 
tions and its significance, which is fully dealt with by him. 

The Male Organs of the Florideee 

A comprehensive investigation has been made by Grubb on the 
male organs of the Floridese, and the following account is a summary 
of her more general conclusions. . 

The usual position of the antheridia is in superficial sori. 
In certain instances these may be scattered without order, as 
in Rhodophyllis bifida md Cysioclonmm purpumseem, or the 
antheridia may be developed in acropetal succession, as in Rhody- 
menia palmata m.d Chondrus crispus. A series of transitions can 
he traced in the Delesseriacea? from sori developed on the thallus 
to those on special leaflets, while in Furcellaria fasiigiata the 
special structures take the form of a swollen apical “ pod.” 
Sori sunk in coneeptacles are to be found in the Coraliinaceae, and 
possibly also in species of Gracilaria. 

As a rule, the sexual plants of the Florideae are dioecious, but the 
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In nearly every ease the yoiuig antheridial plant'^is norm!!’’ 
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In the primary stage, antheridia develop as protuberances of 
the wall and protoplast of the mother-cell, and the daughter 
nucleus then formed by the division of the mother-cell nucleus 
passes into these slight projections. In shape, the young antheri- 
dium is either long and narrow, or round and swollen. When it is 
equal in length to the mother-cell, the contents are abstricted from 
below by a ring-like ingrowth of the surrounding elongated 
mother-cell wall, the constriction generally taking place at a, 
level with the upper surface of the mother-cell, though in Ceramivm 
rubrwn it is above this level. 

The antheridium now ripens with considerable rapidity; it 
swells in size and the cytoplasm becomes vacuolate and the nucleus 
takes up either an apical or central position,. The wall shows 
considerable thickening and in a number of cases can be observed 
to consist of three layers. The thicker outer wall is generally more 
dense at the apex, the middle wail shows as a clear swollen central 
layer, and finally around the contents which will form the sper- 
matium there is a narrow, highly refractive region. The mature 
spermatium is discharged through a split formed at the apex of 
the elastic surrounding w^all, and through this narrow’’ aperture 
the cytoplasm and nucleus slip out as a single spermatium. 

There is still a good deal of doubt whether the spermatium is 
surrounded by a wall at the time of discharge, and various state- 
4 ments have been made on the matter from time to time. Accord- 

ing to Grubb, in the fifteen cases examined by her, the spermatium 
when liberated appears to be surrounded by a delicate and highly 
refractive wall, and in some cases this wall appears to be present 
while the spermatium is still enclosed within the antheridium 
{Polysijphonia fastigiata Laurencia/pmmiiifida), 

In the development of the spermatium a uniform and charac- 
I teristic series of nuclear changes takes place in the mother- 

I cell as well as in the antheridium. The single nucleus of the 

mother-cell, which is, as a general rule, to be located at the base 
■/'■/''■■(A the cell, appears in the resting condition to consist of two 
regions : a central denser region, and a colourless outer area. 


i At the first signs of the formation of the spermatium the nucleus 

4 passes to the base of the small projection and there enters into the 
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early iJrophase stage, and finally passes through all the stage 
--:f Of the two daughter miclei formed in this manner' 

whereas the other enters 

This mother-cell nucleus may repeat 
-- — j ease of those species 

secondary antheridia from each 


of mitosis. 

one returns to the base of the mother-cell 
the young antheridium. ' 
the process as frequently as eight times in the 
which fonn four primary and four 
mother-cell. 

The subsequent fate of the spermatial nucleus 
in the lower and higher Floridcse. 
sp.erm.um. it is said to divide and g 
the spermatium becomes attached 
genera, however, this divi ' ’ ’ 

spermatial nucleus W'hile still in the propl: 
triehogyne and fuses with the carpogonial nueleus. 
that the marked difference 
of the lower and higher Floridcj 
spermatium in the former f— ■ 

potentiality of becoming two, vdicrcas in the higlfer 
this nuclear divi • ’ ■ 

ing sign that it ever oceuired 


appears to vaiy 
In Nemalion and Batracho- 
give two daughter nuclei when ' 
-1 to the triehogyne. In otlier 
•ision is known not to take place, but the 
base passes down the 
It is possible 

in this respect between the behaviour 
' ite points to what is now a single 
group, as originally possessing the 

. . , , =, . grouji even 

•ision has become suppressed, and the only remain- 

- -1 is the condition of prophase in which**® 

the nucleus is found at the time of fertilisation. 

Grubb has discussed the homologies of the antheridium in the 
hloridea; and compared it with similar structures in three different 
groups of plants. Among the Algm, the only close resemblance 
IS to be found m the Chlorophycem, and the similarity with 
Loleochccte has long been known and recognised. The antheridia 
in Coleochate arise in position and manner almost exactly com- 
parable to that found in the Nemalionales. But the comparison ' 
cannot be carried further, for the liberated spermatozoid is both 
naked and ciliated. The resemblance between the Florideie and 
eeitain groups of the Fungi has also been commented on by 
different writers, and a number of parallels have been drawn ' 
between the oogonium (ascogonium) in the Ascomycetes and the 
earpogonium of the Floridese, and in many species of Ascomveetes, 
especially among the Pyrenomyeetes, spermatia are knowm The 
spermatia of the Laboulbeniales offer a still better comparison, 
and m this group have been developed along two lines : exogenous 



MALE ORGANS 


sperraatia cut off as uninucleate, rod-shaped bodies from a 
specialised branch, and endogenous spermatia, which are con- 
stricted off, one after the other, from a mother-cell and covered 
by a thin protoplasmic membrane, and are extruded through a 
more or less elongated, flask-shaped neck. Comparisons, however, 
such as these throw but little light on the origin of the antheridial 
complex and only tend to emphasise thehighly developed character 
of the male organs in the Floridese. 

In 1908 Svedelius published a classification of the Floridese 
based upon the methods of spermatial production. The two 
criteria that* were used by him for subdivision were based upon the 
structure of the antheridial mother-cell, and whether this resembled 
or x^ffered from a veget»fe*P» ^ and >l*n.whether it were simple 
’^ranched. Options and the linhts ' ciassihcat loa &nd iejc.>.«>!^ 
-'■'.s^.e second cha^6 view. JScituting in its place the variations in 

^'"number and position of the antheridia. Her revised classification 

I, is as follows : . 

A. Antheridial mother-cell not differing from vegetative cell 

either in form or contents (A^maffon, BafracAospemwm). 

B. Antheridial mother-cell differentiated from a vegetative cell. 

1. ’ Airtheridia developed terminally on the mother-cell (Mar- 
tensia, Melobesia, Earveyella {Holmsella) pachydenna). 

2. Antheridia developed . subterminally on the mother- 

(а) Mother-ceU subtending two primary subterminal antheridia 
{Delesmria sanguinea, Bhodymenia palimta, Chondrus crispiis, 
FurceUaria fastigiata, Lemanea fluviatilis, Laurenda obtusa). 

(б) Mother-cell subtending two or three primary subterminal 
antheridia {Semaia furcellata, Cystoclmium purpurascens, Deles- 
saria ruscifoKa, D. ahta, Lomentaria clavellosa, Plocamium, 

coccineum, Polysiphonia nigrescens, Bhodophyllis bifida). 

(c) Mother-cell subtending three primary, subterminal anthe- 
ridia {Bonnemaisonia aspamgoides, Polyides rotundus, Ceramium 
rubrum, Griffithsia coraWma, G. BornetianOi Nitophyllum Hilhce, 
N. laceratum, Clampia parvula, DumontiafiHformis,^ Callithammon 
brachiatum, Bhodomela virgata, Polysiphonia fastigiata). 

(d) Mother-cell subtending four primary subterminal antheridia 
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(Polysiphoma violacea, Chondria teniih^^^ Laurencia pinnatifida 
Callithamnion roseiim^ Halurus equisetifolius). 

It is evident that the position of the antheridia, as well as their 
number, varies greatly even among genera which from other 
grounds are regarded as being closely related. ‘‘ Yet any intensive 
study of the male organs of this group cannot fail to impress the > 
inquirer with a sense of the remarkable uiiiformity exhibited in the - 

details of development and liberation in every case. . , . Similarly 
no deviation has been observed so far from what has come to be ’ 
regarded as the normal cytologieal behaviour in the antheridium ” 

Taken as a whole, the course of events in thn development of the 
male organs of this group seems to point to a probable common ‘ 

origin of, at any rate, tne'^aigher Fh^^^^^ 

tjncnon\ T the carpogonial nu^\ 

BangiaiBs^uect betweeV 

In 1919 Yendo stated that the carpospores of Pojphyra ienera ' , j 
germinated to give rise to male and female swarming gametes. i 
Okamura, Ondo and Higashi, however, have failed to confirm this * * 
statement for P. leucosticta, and suggest that the “ gametes ” | \ i 
observed by Yendo were probably the zoospores of some Chytrid f ^ 
parasitising the carpospores. ^ 

The cytology and life-history of Porphyra tenera has now been \ i 
investigated by Ishikawa. The method of nuclear division is \ | 

interesting and peculiar, and assumes a type between true mitosis 2 
and amitosis. The nucleus in the somatic tissues of this plant is 
minute, and generally spherical in shape, and is situated as a rule 
near a radiating arm of the large, stellate chromatophore which : 
occupies the cell. 

At the time of division an achromatic space makes its appearance 
in the nucleus and is usually somewhat fusiform in shape. With 
further development of this achromatic space, the nucleus becomes 
elongated and spindle-shaped. The chromatic portion covering 
the achromatic core splits into three filaments by means of 

longitudinal fissures. As a rule, these fissures do not develop 

any further, with the result that the filaments are not completely 1 

separated from each other at either end and the unseparated ' 

portions generally pass into a fine process. The substance, or 
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substances, eomposing the achromatic region in the nucleus 
become mingled with the surrounding cytoplasm througli these 
fissures, and eventually each filament becomes slowly thinner and 
finally breaks into two segments. These daughter segments 
withdraw to either pole of the iiucleus, coalesce and form two new 
daughter nuclei. Ishikawa regards these chromatic filaments as 
chromosomes of primitive type. Nuclear division is now followed 
by division of the pyrenoid and chromatophore, and cross-walls 
are laid down to give two daughter cells. 

The development of the spermatium was also followed. 
Repeated division of the vegetative cells in the peripheral portion 
of the thallus leads, in the first place, to the formation of antheridia. 
These antheridia are distinguished from the vegetative cells by 
their smaller dimensions and the lighter colour of their chromato- 
phore in surface view. Each antheridia! cell divides into two 
with the dividing plane parallel to the surface of the thallus. A 
second plane is now formed perpendicular to the first and cuts 
each cell into two equal daughter cells. A third dividing plane 
is laid down at right angles to the planes that have already been 
formed and the octant stage is reached. The nuclear divisions 
that precede cell division are of the same type as those described 
for the somatic tissues. Each cell of the octant also divides three 
times in the manner Just described, with the result that it gives rise 
to a mass of eight cells. In this way each antheridium gives rise 
to sixty-four cells. The ultimate cells become spermatia, which 
are set free in succession. The mature spermatium is a colourless, 
globular, naked body, with a nucleus which does not appear to be 
ii^ the resting condition, but can be seen in preparations stained 
in hasmatoxylon as three black points, which are considered by 
Ishikawa to be chromosomes. 

The carpogonia are formed in areas near the marginal portion 
of the thallus. In shape the carpogonium is ellipsoid or ovoid. 
It shows a slight protuberance which is possibly of the nature of a 
rudimentary trichogyne. It was found that the liberated sper- 
matia attach themselves to the trichogyne, but the critical stage 
of the passage of the male micleus through the trichogyne and 
subsequent fusion with the carpogonial nucleus was not observed. 
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After fertilisation the zygote divides into eight eelh and tl 
proeess of division follows the same course as spevmatiuin forin^^ 
tion. Each cell of the octant subsequently assumes a spherical 
shape and becomes a earpospore. ^ 

Porphyridium. The systematic position of P. crucnium lias 
been a mueh-disputed point, and it has been removed from one 



















Fig. 48. Porpkyriditmi cmentunh ( 1 ) to (8) Staj^ps in 
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poup ol Algse to another and been placed at various times in the 
CMoropIpmem, Cyanophycem and Bangiales. The description of 
the plant has also been variously given by different authors. 

ewis and Zirkle have re-im'estigated the matter and are of 
the^opmion that P. cruentum should be included in the Bangiales. 

. cruentum is a unicellular organism with a secretion of ielly 
or mucilage round each cell. At the time of division the two 
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daughter cells are at first encSsed in the common gelatinous sheath, 
which follows the constriction of the cells quite intimately and 
lengthens as the cells draw apart and the portion between the two 
daughter cells becomes drawn out into a long strand or stalk 
(Fig. 48, 9), Each cell contains a stellate, dark-red chromatophorc 
when in the resting condition, but in actively dividing cells the 
chromatophore becomes more amoeboid in shape. The presence 
of a single centrally placed globule has frequently been noted by 
different authors in P. cruentum. This body is slightly smaller 
than the pyrenoid, is readily visible in living cells and has been 
observed to disrupt as the water-content of the cell increases, the 
fragments arranging themselves about the chromatophore. 

The chromatin content of the cell consists of a single excentri- 
cally placed granule surrounded by a clear space (Fig. 48, 1-8). 
As the cell prepares to divide, this granule enlarges and begins 
to fragment and at the same time assumes various shapes (Fig. 48), 
The XJ-shape is perhaps the most common. As a result of frag- 
mentation, the chromatin becomes distributed in the form of 
small, elongated granules about the periphery of the chromato- 
phore (Fig. 48). These granules then fuse end-to-end and a 
tangled spireme results (Fig. 48). This spireme now breaks into 
a number of pieces of varying lengths and these segments 
frequently withdraw into two distinct masses before the ceil has 
commenced to constrict. More often, however, the chromatin 
becomes constricted into two with simultaneous constrictions of 
the cell (Fig. 48). Two granules of chromatin occur with great 
regularity at the poles of the dividing cell and the maximum 
distance from the plane of constriction (Fig. 48). During the 
whole process of division no trace of spindle fibres is to be seen. 

The question whether this body is a nucleus or nucleolus is 
discussed by Lewis and Zirkle, who point out that the answer 
depends on the relative flexibility with which these terms are used. 
The whole process may be likened to a crudely mitotic division, 
perhaps of a primitive and exceptional kind. 

The bearing of the method of nuclear division upon the sys- 
tematic position of P, aw/iiwm*must remain uncertain till more 
is known of the nuclear history of the Bangiales. It will be 
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remembered that Ishikawa’s accmmt of nuclear division ' 
Porphyra tenera showed that the process was not normal mitosis 

In the resting stage the cell of P. cmentmn is unlike anything to 
be found among the Cyanophyeese, though in the later 'stages of 
division there is some resemblance to this group. On the other 
hand, the whole process of division is too primitive for the Chloro 
phycere. In its other characters it resembles the Bangiales, and 
perhaps is at present best retained in this order. 

Nemalionales 

In the higher Floridem there is a most efficient alternation of 
generations, with three kinds of plants, male, female and tetra- 
sporie, and the seat of chromosome reduction is in the formation of 
the tetraspores. Although morphologically similar, the tetrasporie 
plants carry the diploid number of chromosomes, while the male 
and female plants are haploid. In some simple forms there is no 
alternation of generations, and all grades between are to be found 
tdl a definite and regular alternation is reached in the higher forms. 

In 1915 Svedelius described the simplest case of all for the 
species Scimia. No tetraspores are to be found in this form, and 
carpospores and spermatia are produced on the same plant 
Both carpospores and spermatia are cut off from mother-cells at 
the surface of the thallus, and there was evidence that successive 
crops were formed from the same mother-cell. Chromosome 
counts showed that 10 chromosomes were to be found in both 
spermatia and carpospores, and the similarity in their method of 
formation suggested them to be homologous structures. The 
earpogonial branch was three-celled and the terminal cell became 
the earpogonium. The nucleus divided to give an egg nucleus 
and trichogyne nucleus. The second cell of the earpogonial 
branch developed four auxiliary cells, while the cystocarp mem- 
brane was formed from the third or basal cell. The egg nucleus 
was found to contain 10 chromosomes, and after fertilisation the 
chromosome number in the nucleus of the zygote M’as 20. Follow- 
ing upon fertilisation, this diploid nucleus passed into one of the 
auxiliary cells, which in the meantime had become more or less 
fused together. The reduction division was found to occur at the 
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first division of. tile zygote nucleus, and a second division gave rise 
to a tetrad of four nuclei. Three of these nuclei took no further 
part in the life-history. The gonimoblast filaments that were 
subsequently formed shov^ed nuclei each with 10 chromosomes, 
and this number was passed to the carpospores, which were ascer- 
tained to be formed successively in rows, while some of the 
gonimoblast filaments remained sterile and developed long hairs 
which rather resembled paraphyses. It will be seen here that the 
cystocarp is not fundamentally sporophytic in nature. 

In 1904 Wolfe, in his description of the life-history of Nemalion 
described the reduction division as taking place with 
the formation of the carpospore, i,e.^ that the cystocarp was sporo- 
phytic. A re-investigation of the life-history by Cleland has 
shown that this statement is incorrect and that, as in Scinaia, the 
reduction in chromosome number takes place at the first division 
of the zygote. 

The procarp in N. mulUfidum arises laterally from a vegetative 
tuft. It is easily recognised, even in the one-celled condition, by 



its form, being much broader and shorter than the vegetative 
branches. As a general rule, the mature branch consists of four 
cells, but five- or three-celled branches are not uncommon, and 
even the two-celled condition is to be found on occasion. After 
the procarp has attained its full size the terminal cell gives rise 
at its tips to a swelling, which elongates and develops into a 
trichogyne. Unlike Scinaia, it is rare to find a trichogyne nucleus. 

At the base of the carpogonium is found the egg nucleus and a 
chromatophore lies above it. 

At the time of fertilisation, both the spermatial and the carpo- 
gonial nucleus are in the resting condition, but soon after the 
fusion of the spermatium with the trichogyne, the spermatial 
nucleus divides and two male nuclei may on occasion enter the I 

trichogyne, but only one succeeds in entering the carpogonium. 

As the male and female nuclei approach one another in the 
carpogonium, they can be seen to be of unequal size, the female 
being one and a half times as large as the male. The actual 
process of fusion is a proloirged and long-drawn-out . affair. i 

After fusion has taken place, the zygote nucleus increases in size 



aud then divides, and eight bivalents are to be seen, Le,, the first 
division of the zygote is a reducing division. The two daughter 
nuclei lie above one another in the cell, and the chromatophore also ■ 
divides at the same time and a cell wall is then laid down across 
tlie earpogoniiim, cutting it into an upper sporogenous cell and 
a lower hypogenous cell. The lower cell undergoes no further 
divisions, whereas the nucleus in the upper sporogenous cell 
divides, and nuclear division is followed by the lay ing down of a 
vertical wall cutting off a lateral segment. This process is repeated 
several times, with the result that a number of cells are cut off 
laterally around the central sporogenous cell. A gonimoblastic 
filament is developed from each of these lateral cells, and wlien the 
mature stage is reached each filament consists of a series of three 
or four cells, the terminal one of wdiich develops into a earpospore. 

When the earpospore is ripe and ready to be shed, the wall 
ruptures at the distal end and the protoplast escapes, leaving an 
(*mpty wall attached to the filament. The growth of tlie filament 
does not stop wdth the shedding of the earpospore, but a new 
cell is budded off within the empty shell and this process is 
repeated, 

Svedelius (1915) divided the Flor idea? into tw^o groups, Haplo- 
biont^e, in wiiich there w'ere no tetraspores and no change in the 
chromosome number of the cystocarp, and the Diplobiontae, which 
carry the diploid number of chromosomes through the gonimo- 
blasts of the cystocarps, through the earpospore and through a 
tetrasporic genei'ation. One striking feature about the tetrasporic 
plant is that it is morphologically undifferentiated from the carpo- 
sporic one, the sexual plant, although in Galamura there are 
slight differences. 

In the undoubtedly primitive form, Scinaia, as w^ell as in 
Neinalion multijidum^ tetraspores are never formed, the reduction 
division occurs immediately after nuclear fusion in the carpo- 
gonium, and the cystocarp is haploid. In the Diplobiontte, on 
the other hand, the reduction division has been dropped at this 
stage, ^ the cystocarp itself is diploid and the diploid car})o.sporc 
gex’minates to give a diploid plant which forms no sexual organs, 
and the reduction division is brought about in the formation of 
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tlie tetraspores which are produced on these non-sexual plants. 
Germination of the tetraspores leads to the production of male and 
female plants. Through postponement of the time and place of 
the reduction division, a new^ generation has been brought into 
existence, or in Svedelius’s own words (1927) : “ By delay in the 
.time of the reduction division in the Florideae, a new generation 
may arise at a stroke.” The cause is unknown, and the suggestion 
is put forward by Svedelius that it may be due to hormones. It 
might also be asked why hormones should be singled out for this 
distinction, as they already carry at the present time a sufficient 
burden of explanations of diverse physiological phenomena. 

Nevertheless, it appears clear that in the Florideae the sporo- 
phytic generation has not arisen by progressive sterilisation, as 
Bower’s and Ceiakovsky’s antithetical theory demands, but at 
once. This fact, however, does not completely exclude the 
occurrence of interpolated organs. Svedelius considers that the 
Floridean cystocarp has arisen in this way, i.e,, by interpolation, 
through the later formation of sporogenous filaments from the 
zygote by a process of sterilisation, whereas the zygote in the more 
primitive Floridese (as still happens in the Bangiacese) was merged 
in spore formation. 

The question arises here, Why should the Floridean body whicli 
arose so suddenly in the evolution of this group possess no sexual 
organs ? It has been suggested that the diploid chromosome 
number may in some way hinder their formatioii. 


Abnomalities in the Production of Reproductive Organs 
in the Floridese ^ 

Various investigators from time to time have noticed and 
recorded the appearance of reproductive organs typical for both 
iiaploid and diploid generations, on one and the same plant in 
certain members of the Florideae. 

In 1906 Yainanouchi, in his classical investigation of the cytology 
of Polysij^honia violacea, recorded the presence of cells on the 
; sexual plants which he considered to be of the same nature as 

I tetraspores, although they apparently never matured. But cases 

have also been found in which mature asexual spores were formed 




Oil sexual plants— for exmwple, Cmitharnmoii Biale. 
and C. Mmgonmm by Harvey-Gibson and Knight ' 

A detailed investigation of this problem has be 
-Matlnus on CalUthamnion brachiatum. C. hracMntui 
the Diplobionta; of Svedelius, f.i-., ordinarily the d: 
lorm teti-iisporcs, while the sexual jilants, male and f 
the Iiiiploid number of chromosomes. 

It was found that normally the reduction divisioi 
at tetraspore formation, and the ordinary life-cycle of C 
IS quite typical of the higher Floridefe, the hanloid 


lUG. CalUthamnion tetragonium. Portion of a 
a group of spermatia and a voung tetrasporan 
celts. (After Mathias, PtMl Hart. lilt LabT 

developing to give haploid sexual plants, and a t 
result of fertiysation. 

But fully mature spennatangia and tet 
irequently tound to be present on the same plai 
and were borne side- by side (Pig. 49). Unfort 

logy of tlicir <leveIopment was not folloM'ed 
carps and tetrasporangia were also found on < 
plant and, in the case of the tetrasporangia, the 
detelopment proved to be entirely normal. ] 
the carpospores were found to be haploid, -wlic 
somes in the supporting filament arc diploid. 
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therefore, that a reduction division occurs during the formation 
of the cystocarp. The existence of a carpogoiiial branch was not 
. observed prior to the formation of such cystocarps, but as the 
' , car]>ospores are in twin groups, as in the typically sexual plants of 
the probabilities are that a carpogonial brand) 
y antedated their formation. If the origin of such eystocarps should 
I prove to be apogamous, a reduction division has yet to be proved 
i. 1 either in the carpogonial branch or in the auxiliary ceils. If, on 
the other hand, such carpospores are the result of fertilisation 
1 , iprior to their formatioir, since they are carried on a diploid plant, 
f4 la double reduction division must take place, such as that described 
I" jTor certain of the Aseomycetes by Fraser and others (see Chapter 
IV). Whatever be the result of further investigations, the obser- 
|, |vation of haploid carpospores on a diploid thallus is unique for 
^J^CalUthammon. 

, ’ The Life-history and Taxonomic Position of Certain 

Selected Florideae 

Sturch has described the life-histories and discussed* the possible 
I* , taxonomic positions of three parasitic Floridese : Harveyella 
Harveyella {Holmsella) paehyderma, md Choreocolax 
''Polysiphonue. 

Jf. niirahilis is a parasite on Rhodo77iela Jubfusa, while H, pachy- 
derma is a parasite on Gracilaria confervoides: These parasites 
form small, white cushions, somewhat hemispherical or slightly 
flattened in shape, and are attached to their host by a short, 
thick stalk. They lack chlorophyll and absorb their food from 
: jthe cells of the host plant. Branched filaments grow down among 
v ilthe i^ells of the host and act as haustorial organs, while externally 
' ;^hey give rise to the white cushions that have been described above. 
I H: pachyderma is abundant, from November to March on 
Iracilaria confervoides, and plants bearing antheridia, pro carps 
md cystocai’ps are produced from November to February. The 
etrasporic plants make their appearance in January and are 
rroduced till March. 

Although in their external morphology these two parasites are 
"cry similar, they differ in important features in their reproductive 




processes, and it is on this account that Stiirch lias ren: 
H. pachydemia from the genus EarveijeJla and placed it in a 
genus, Holnisella. 

The procarp in H. pachydemia is exit off from a cell of the 
pheral layer. The cell below the 
as a peripheral cell, while the 
base and cuts off 
ance 


pen- 

procarp continues to fiinetion 
_ ___ procarp grows downward at the 
a small ceJjL^ No further ceils make their appear- 
and the carpogonial braihdm’einains two-celied, Foiur-celled 
and three-celled carpogonial brai>ches have been observed by 
Stureh, and it is therefore possible tliat before the parasitic method 
of life xvas assumed, H, pachyd€rma \\oYn\ei\lj possessed a four- 
celled carpogonial branch. After ferSHsation the zygote sends 
out a short primary ooblastema filameixlfc which is occasionally 
two-celled. At about the same time the a^ighiary mother-cell, 
which is one of the lower cells of a near peripheraf -^ll^in,^^^^^^^^^^^^^^^ 
by a transverse wall into a lower basal and upper auxiliary celf’' 
Occasionally this auxiliary cell pushes out a small projection 
towm-cls the approaching ooblastema and fusion takes place, and 
the first stages in the development of the fusion cell are very similauf' 
to that found in the Ceramiales. TJie fusion cell divides traws- 
1 erse j into a lower foot cell and upper central cell, the laitter i 
eontaming a nucleus descended from the zvnote. This 
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fusion takes place by means of a short ooblastema and a centra! 
c^ell is cut off, while the lower part — ^the foot cell — ^and the cells 
of the sterile branches widen their connections, and eventually 
become fused into a large coenocytic cell*" 

Since these two parasites differ in all the details of nourishment 
of ooblastema, essential niechanism of ooblastema fusion, and the 
secondary fusions so common in H. pachyderma being absent in 
//. mirahilis, tliey are sufficiently distinct to be placed in different 
genera. 

The life-history of Choreocolax Polysiphonice^ which is completely 
parasitic on Folysiphoniafastigiata, has also been fully investigated 
by Sturch (1926). Ch. Polysiphomce is a full-cycle member of 
the Floridea?, with antheridia, procarps, and tetrasporangia, on 
separate plants. 

In externa] appearance it is a small cushion-like plant, and its 
relation with its host, P , fastigiaia, in this instance, is of interest. 
CL Polysiphonue is comple- ely parasitic on P. fastigiata, and the 
latter is itself a partial parasite on the Fucoid, Ascopkyllum 
nodosum. ' . ^ 

As a rej^roductive macliine Ch. Polysiphonice is a highly efficient 
organism. The power of photosynthesis has been lost and the 
free soma has dwindled to such an extent that it practically 
occupies a space but little larger than that taken up by the 
cystocarps, and in these circumstances it is able to produce a large 
number of spores with the minimum amount of somatic growth. 

The procarp is initiated from a distal cell of a peripheral ramiilus 
and develops in the ordinary way. The young procarpium is 
noticeably larger than the peripheral units surrounding it. At 
first the development of the trichogyne keeps pace wdth the 
growth in length of the peripheral ramuli, but soon passes beyond 
them, growing through the gelatinous outer membrane until it 
reaches the external medium' The carpogonium sends down a 
basal prolongation and 'tliree small cells are segmented off, and 
the carpogonial branch invariably consists of three cells and a 
trichogyne. The procar])s are fairly well distributed throughout 
the peripheral layer, and as they become old and buried in the 
soma, new ones arise. 
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ramulus of apparently ordinary peripheral cells growing towards 
the surface. When fertilisation has taken place, the zygotic 
luicleus is transferred to the auxiliary cell by a very short priinary 
ooblastema, the base of the carpogonium being at this time in 
close proximity to the auxiliary cell. Development takes place 
rapidly in some stages, with apparently one period of rest before 
the cystocarp reaches maturity (Fig. 50). 

The auxiliary cell cuts off a shoulder by means of an oblique 
curved wall, and thereby forms the first cell of the carpospoTophyte. 
At the same time the small ramuliis attached to the basal cell 
enlarges its cell connections and is termed by Sturch the canocyte. 
Up to this stage the secondary connections so common between 
carposporophyte and somatic ceils are absent. 

The carposporophyte continues to grow and forms a more or less 
flattened, spherical mass of closely packed cells. When mature it 
consists of a reticulum of interlacing filaments composed of 
elongated, rather irregular cells, forming a hollow, spherical zone, 
on the inner surface of which the gonimoblasts develop as short 
tufts, bearing the carposporangia. 

. Sturch considers that Harveyella mimUlis, Holmsella 2 ^cicliy derma 
abd Choreocolaai Polysiphonice are to be regarded as ‘‘ strays ” of 
thivee different groups which have managed to hold their own 
owinig to their success as parasites. They probably . began as 
Florid^se with a fully elaborated reproductive e 3 ^cle, and, in spite 
possibl}-^ of poor and inferior somatic equipment have saved 
themsebhes in the struggle for substratum by the adoption of a 
parasitic i>pode of life. It may not therefore be surprising if these 
parasites siitould not be found to fit in very well with the present 
scheme of Fi2,oridean classification. 

The present ^^s^-^stem of classification among the Florideic is based 
on auxiliary ceB^fi attainment in a large number of genera. These 
three forms do biot fit well into the Nemaliones, in which tlie 
fertilised earpogont\ium itself gives rise directlj^ to the gonimoblast 
system of the carpoikporophyte. In the higher Floridese, Gigarti- 
niales, RhodynieniaUi"^ and Ceramiales, true auxiliary cells strvt 
as starting-points for g’^torimoblast formation. 

These three parasitt‘sl\ all possess definite auxiliary cells from 
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THE VIRUS DISEASES OP PLANTS 


I titrodiiction— Symptoms — Froperties of Plant Viruses — ‘Niimher 
r and Specific Nature of Plant Vkuses- — Trayisniission— Carrier s--- 
jEtiology — Physiology of Virus Diseases, 





Introduction 

The last decade has witnessed extensive investigations into the 
virus diseases of plants, and the number of Institutes and Research 
Stations in this country and America engaged upon work on this 
aspect of plant pathology has increased year by year. 

It was in 1892 that Iwanowski gave the first demonstration of 
filterable viruses, either in plants or animals, when he showed 
that the causal agency responsible for the mosaic disease of tobacco 
was able to pass through a Chamberland candle. From that time, 
^ as far as the virus diseases of plants are concerned, knowledge 
only slowly accumulated till within recent years, when the economic 
Wportance of these diseases became increasingly apparent, and at 
tihe present time the annual volume of published work has reached 
veiry large dimensions. 

\\irus diseases attack Dicotyledons as well as Monocoty- 
ledons, and these diseases are prevalent in tropical and temperate 
. regiorl^s. Although there is little reason to doubt that the majority 
of, if n%t all, virus diseases have been in existence for a \’'ery long 
time ®^^til comparatively recent years they were confined over 
but increased methods of travel and commerce have 
vfiMWPC. were wide distribution. 

about 0° C., a t g plants are more prone to attack by virus diseases 
, y layer of liquid reason is at present unknown. They occur 

^ more acetone, cultivation, and also in plants growing under 
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PROPERTIES 


Allard (1915) showed that dilution up to 1/1000, and even 
1/10,000, did not lead to loss in the power of infection of the 
diseased juice of tobacco mosaic. This virus is very resistant. 
Nitric and hydrochloric acid had little effect, except in concentra- 
tions of 1 gm. in 50 to 100 c.c. of virus solution. Similarly, 
phosphoric, citric and acetic acid had no effect exce]}t in concen- 
tration of 1 gm. in 200 c.c. of virus solution. The virus was found 
to be more sensitive to alkalis, such as sodium hydroxide or sodium 
carbonate, while salts, such as manganese sulphate, sodium 
chloride, silver nitrate and mercuric chloride, had little effect 
upon infectivity. Copper sulphate, however, in a concentration 
of 1 gm. in 100 c.c. of water was toxic. Antiseptics, with the 
exception of 4 per cent, solution of formaldehyde which destroyed 
I the virus, had little effect. 

Tobacco mosaic is also very resistant to high temperatures, 
and in certain cases will still retain its power of infection after 
ij being kept for as long as two days at 80° C. Higher temperatures 
than this (85° to 90\C.) will, however, generally inhibit its action 
in ten minutes. Suiilight has no effect upon it, and it was found 
to resist the action of X-rays for half an hour and the rays of a 
mercury-vapour lamp for an hour. 

It passes with ease through the finer Berkefeld and Chamberlain 
; porcelain candles, and Mulvania showed that it could even pass 
j, through collodian membranes of a definite grade of porosity, but 
t;Jhat this latter feature depended upon the acidity of the sap. 
Tobacco mosaic, will also withstand drying over sulphuric acid, 
-^nd the sap has been found by Dickson (1925) to be still infective 
ygjfter siniple storage for five years, while Valleau and Johnson have 
i^;ind that dried and cured tobacco leaf is still infecth^e after 
of,ifn’^y-“^® years. 

3he effect of acetone on tobacco mosaic has been investigated 
' Vinson, who found that when two volumes of acetone at 

■ 0°. C. were added to one volume of the expressed sap held at 
^ a flocculent precipitate was thrown down. The upper 

layer of liquid was decanted off, and the precipitate washed with 
i, |\ more acetone, and finally with ether. The precipitate thus 
■' I/ ' _,/jbtained was discovered to be readily soluble in water, and seed- ■ 
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potato mosaic is very much less resistant. In one particular 
stvain of potato mosaic it was found by Henderson Smith (1928) 
that the virus wat inactivated in ten minutes by a temperature of 
80^ C. and by 90 per cent, alcohol in one hour. The virus of 
eiiciimber mosaic also differs from tobacco mosaic. It is filterable 
through Berkefeld, but not through Chamberlain filters, and is 
(piite unable to withstand drying, and loses its power of infection 
after standing for se\^en days. A temperature of 70° C. inactivates 
its powder of infection, while as w^eak a strength of alcohol as 
45 per cent, also destroys it. 

According to Walker the properties of a virus are largely 
determined by the properties and characteristics of the host sap. 
He found, for example, that when cucumber mosaic was trails - 
) mitted to Physalis (ground-cherry) and its properties studied in 
I the new host, it had lost its somewhat unstable character, and 
conversely Physalis mosaic transferred to cucumber acquired the 
, unstable properties of cucumber mosaic. 

‘ Both McKinney and Holmes have emphasised the importance 
and desirability of a standard procedure for quantitative 
studies in the investigation of virus extracts. Thus, the usual 
method of testing the effect of dilution on a virus extract is to 
inoculate from ten to fifty plants in one of the accepted ways of 
mechanically transmitting the disease, and then to judge from the 
resulting number of infections which of two sources contained the 
larger proportion of virus in a given volume. This method is 
perfectly suitable when it is simply a question of deciding between 
strong and weak samples of virus, but w'hen it is a question of 
deciding between samples which only differ slightly in strength, 
these can only be graded and differentiated by inoculating larger 
numbers of plants, and this is not always convenient. Holmes 
has recently laid down rules for determining more accurately on a 
quantitative basis the properties of a virus, and the original should 
be consulted for the full details. 

The Number and Specific . Nature of Plant Viruses 

A satisfactory method of classifying and identifying plant viinis 
diseases has yet to be found, and would be a very great convenience. 



siigaiM)oct. whicli «m be attacked by eiirly-top of beets and ))cct 
mosaks and the potato, wliieh can have leaf-roJI and mosaic. 
Each of these diseases on transfer comes true to type ; thus beet 
mosaic does not give rise to eurly-top. and leaf-roll in the potato 
docs not give mosaic or vice versa. In sneh cases it can hardly 
be doubted that these diseases are in themselves distinct, and it 
seems certain that there are several different plant viruses. 

The chief difficulty lies in the distinction of these diseases 
inter se. Thus, how many mosaics of tobacco arc there ? Johnson 
recognises eight different mosaics in tobacco. Are these eight 
different mosaics really eight different diseases, due to eight 
different viruses, or are they merely modifications of a single 
virus ? The question is unanswerable in the present stage of our 
knowledge. 

The virus diseases of the potato liai'c been the cause of endless 
confusion with regard to classification and number. In 1})23 
Schultz and Folsom deseriiied five, jiossibly seven, different virus 
diseases which occur in the notato. Fonfitsinn i.„„ 
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plants. Crinkle “ A ” is Murphy’s crinkle or merely crinkle and 
nothing else, and to tag on the letter xA” will not help one iota 
in solving its nature. 

Although symptom expression will always remain an important 
diagnostic feature wnth virus diseases, symptoms in themselves 
cannot be regarded as a reliable index of the virus concerned in 
the majority of cases where diagnosis is required, owing to the 
similarity and overlapping of symptoms produced by different 
viruses, their extensive modification by environmental factors 
and other circumstances. Nor is it likely that any one single 
diagnostic feature will meet all the requirements of the case. 
If, however, as Johnson (1929) has suggested, several unrelated 
diagnostic features be taken into consideration, a process of 
elimination or ‘‘key” may be obtained which wfill reduce the 
possibility of error to a minimum for purposes of classification. 

The particular features used by Johnson are thermal death- 
point, the longevity in vitro ^ the effect of dilution and the influence 
of certain chemicals. Several other characteristics that could also 
be used are : method of transmission required, length of incuba- 
tion period, comparative readiness of transmission by a single 
method, e.g., grafting, insects, leaf mutilation, host range in 
different species or varieties, relation of source of inoculum to 
infection, influence of environmental conditions on symptom 
expressed, variation in cytological and histological details, and 
filtrability. 

Transmission 

Certain plant viruses are transmitted with extreme ease, e.g., 
tobacco and cucumber mosaic, and in both these diseases the 
causative agents are filter-passers. It will be remembered that it 
was shown by Allard that juice from tobacco plants infected with 
mosaic when diluted to 1 in 10,000 parts of water was still able 
to cause infection. Tobacco mosaic is spread with great readiness, 
even the rubbing of the fingers on a diseased plant and then 
rubbing a healthy individual is quite sufficient to cause infection. 
The virus here is also highly resistant, and it has been shown that 
juice ano\ved to ferment and kept at room temperatures for as 
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Uniix a period as twelve inoiitlis was still infeetive, while in dried 
tobaeen leaves the causal agent will retain its power of infection 
for several years. Nevertheless, in spite of its highiv infectious 
nahire. the virus is only capable of entering the plant through 
V minds. The breaking off of a few liairs or trichonies, or the prick 
of a neetlie, is all that is necessary to cause the entry of the infecting 


Grafting of diseased scions on to healthy plants is an invariable 
method of transmission and is much used in certain virus investi- 
gations. In fact, grafting is the only known method at the presait 
time of transmitting certain of these diseases, e.g., peach rosette, 
Abiitilon mosaic, peach jfellows and spike disease of sandal. 

Transmission through the seed is not common, but infection 
through seed has been definitely proved in the case of lettuce 
mosaic by Jagger, and the mosaic disease which attacks a number 
of leguminous crops has been shomi to be seed-carried by Dickson 
(1922). Ihere is also a good deal of evidence that potato mosaic 
c-an be transmitted through the seed. The best-known case of 
si‘cd-ri-ansmission of a virus disease is probably that of cucumber 
mosaic, whicli has been fully investigated by Doolittle and his 
co-woikeis. Cucumber mosaic has a vei'v wide host range and 
can be transmitted to a number of other dicotyledonous plants, 
such as tobacco, potato, milkweed (Asclepias syriaca), pokeweed 
(/ hijtnUtcca decandm) and the wild ground-cherry (Physalis, sp.). 
The disease is only seed-transmitted in the case of the wdid 
(^Echtnocystis) lobata, but is transmitted to 
is notira— crtedL^^riety by the melon aphis. Aphis gossypii. The 
the cultiv ai^ enV^etle Diabrotica vittata also transmits the mosaic 
striped cucumber 

to a large extent in transmission of virus 

Undoubtedly t ie c i. relationship 

diseases in t le le are insect vector has now reached large 
between virus disease a^Hoith (1931a) has recentlv published a 
dimensions.^ Kcnnrth bni^y 

summary of the diseases and their insect vectors, 

for a very comp e e i^pg ^jp considered here. 

Only three or four speciaT^i 

The virus disease ot tne tv, , ^ 
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iBueli ill vestigated from ^ point of view of transmission by 
iiigccts. Leaf-roll, up to the present time, has not been 
transmitted by inoculation of expressed sap, but it can be trans- 
mitted to healthy potato plants by grafting. It was shown in 
1920 by Oortwijn Botjes that when a combination of apliids, 
Myzus persiccey Sulz, and Aphis rumicis, L, were transferred 
under controlled conditions from diseased to healthy plants, the 
latter in the course of time developed the disease. This work was 
later confirmed by Schultz and Folsom, who used the combination 
Ihjzus persiccB and Macrosiphon solanifolu, and regularly secured 
infection under controlled conditions. Murphy was also able to 
secure infection with Myzus persicce when the aphid was placed 
on the sprouts of healthy tubers. Murphy and M’Kay later 
claimed that a number of other insects were able to^ bring about 
nifection, e.g,, Myzus pseudosolani, Macrosiphon solanifolii, and 
fche capsid, Calocoris bipunctatus. 

, The whole question of insect transmission in potato leaf-roll 
has now been very fully investigated by Kenneth Smith (1929, 
1 931b), who has shown that the transmitting agency, par excellence, 
is tlie aphid Myzus persicce. The following insects were used : 
HEMIPTERA, Heteroptera, Capsidce, Calocoris bipunctatus 
and Lygus pabulimis, HOMOPTERA, Jassidoe, Eupteryx auratus, 
Chlorita viridula. Aphididoe, Macrosiphon gei and Myzus persicce. 
C OhEiOVTEiIl A, Psyiliodes a ffinis (Potato dea. beetle) . 

In all cases, with the exception of Myzus persica% negative 
Jesuits were obtained. M. persicce, on the other hand, was an 
cllicient carrier, and a large percentage of infections were obtained* 
It has now been shown by Whitehead that Myzus circumjiexus 
is also an efficient transmitter of leaf-roll, and he claims that it is 
almost as efficient as M, persicce, but there is a curious lag in the 
development of the symptoms, so that plants infected with leaf- 
i)y means of M. circumjiexus will still -be in the “ primary ” 
when those infected ycitti M. persicce show rolling in both 
t^^wer as well as the upper leaves. ■ ■. ’ ' 

'“e question of leaf-roll infection by M. persicce has, beai 
^d a stage further by Kenneth Smith. He found, for example, 
:he action of this aphid is selective. In potato plants affected 
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wim coniDmations ot viruses, such as leaf-roll and streak 
kat-roll and mosaic, only leaf-roll was transmitted by M ’k 
In the case of the combination, leaf-roll and mosaic, thf iuse 
picked up both diseases, but only the leaf-roll was transinitti 
to potato That mosaic was also taken up, though not transniitt, 
to the imtato, was shoAvn by the fact that when the aphids 
tiansfeired to tobacco, the latter developed a mottle. 

, and M. circumflexus are able to transm 

leaf-roll, it is clear that there is no absolute affinity betwee 
M.persuce^ leaf-roll, but that this aphid appears to be special! 
suited to Its dissemination cannot be denied, and it is very difflcul 
at the present time to suggest any good reason why one species r 
apud should be more suitable for transmission than anothei 
Methods of feeding apparently have little to do with the inattei 
because ill. pemwe and M. circumflexus, which both transmit 
and Aphis rhamni Macrosiphon gei, which do not, are al 
phloem teedei-s. It is possible that if the saliva of the insect h 
very toxic to the plant, then the insect is less likely to act as at 
e hcieiit transmitter of virus disease, owing to the local disorgaiii 
sation of the plant cells at the point of entrance of the insect’! 
stylets. If the viru.s, on injection, be surrounded by a mass o' 
disintegrating and dying cells, the chance of successful infectior 
IS very considerably lessened. It may well be on this accounl 
that capsid bugs play but a small part in virus transmission, ai 
leir saliva is exceedingly toxic to plant tissues in certain instances 
Both M. circumfiexm and M. pseudosolani, but especially the 
latter, produce great visible disturbances in the plant tissue wher 
f^dmg, whereas M. persicce does not produce such a marked 

by* Kenneth Smith (1981b) that non-infeetive 
aphids (ill. persicm) can pick up leaf-roll from an infected potato 
plant after six hours’ feedmg, and the infective aphids can transmit 
t he disease to healthy potatoes after two hours’ feeding. Thus 
the whole process whereby a non-infeetive aphis picks up leaf-roll 
virus and infects a healthy plant cannot be carried out in less than 
eight hours, and a minimum period of some fifty-four hours appears 
to_ be necessary. The incubation period of the leaf-mil v!rn= 
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:he plant before the first symptoms made their appearance was, 

‘ m the average, fourteen days. It is possible that temperature 
may play some part in determining the length of the incubation 
' period, because the present author in some experiments on trans- 
i mission of leaf-roll with M. persicce in the early part of the year 

^ [March) found that between twenty-eight and thirty days elapsed 

before the symptoms made their appearance. 

' It is possible that virus diseases that are highly infectious may 
be transmitted mechanically by almost any insects that may 
; f happen to visit and feed upon diseased plants and then pass on to 
; healthy ones, but, nevertheless, in certain virus diseases there is a 
i ; very definite specificity between disease and insect vector. An 
/interesting case in point is that of spinach blight. Spinach blight 
i is one of the few virus diseases that is fatal to the host plant. 

It was shown by McClintock and Smith that the aphid, Macro- 
\ siphon solanifoUi, is apparently specific for the disease. It was 
j discovered that the spinach blight virus is retained by the aphid 
1 for some time when colonised on non-suseeptible plants, and that 
^ the disease is inherited up to the fourth generation by individuals 
I parthenogenetically produced. 

f Allard some years ago (1914) put forward the claim that Myzus 
I persiew was an efficient transmitter of tobacco mosaic. This 
; statement has been re-investigated by Hoggan, who found that 
i this aphid was apparently unable to transmit the disease. Out 
of 395 plants tested, only ten developed the disease, as compared 
with three out of 395 plants in the controls. It was found that 
the plants that did show disease had become infected by chance. 
On the other hand, Hoggan ascertained that M, persicce was an 
efficient carrier of cucumber mosaic to tobacco. Moreover, the 
; aphid shpvred selective properties. Colonies reared upon tobacco 
i plants, infected with both cucumber and tobacco mosaic, trans- 
mitted only cucumber mosaic from the combination. This 
! selective action of M. persiem points to the fact that the relation 

,, between aphid and virus may not be purely mechanical. This 

result is certainly somewhat surprising, because tobacco mosaic 
1: is one of the most highly infectious of plant virps diseases,'' and 

I i. even slight injury to the epidermis which resultain the introduction 
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oi the smallest amount of virus into the tissues is sufficient t 
came „1 the ,vith M.aeco mosaic, .„d i, * 

ha there mav be aomething oa.ro involve, than „,„e merta y 
amlcr ol ,nn,l, crons jmeo Iron, i„ „ * 

)MissJon ol virus diseases. . 

_ Although in a number of exam]iles, one particular species of 
niseet is able to transmit a number of different virus diseases I 
other cases however, tliere ap, rears to be a specific relationship 
between certain insects and the diseases M'hieh they earrv. Th 
curly-top •’ disease of sugar-beet is transmitted' bv the beet 
eathopper, and by no other beet-infesiing insect 

but a mosaic disease of sugar-beet is transmitted hj 

and EntettE tenellm is quite ineffective as a transmitting 

The streak disease of maize, whicli is widely prevalent in Soutli^ 
Africa, has been im-estigatcd iri- Storey {l.»25) in relation to spread 
by insects. Ihe insect concerned Iicrc was found to be the jassidl 
BnMut mmbda, haude. BaJcMhu mbih proi-cd to be a partieu ^ 
l=.rly elheient distributor of streak. For example, in one e.xpei : 
men , single individuals ivere allowed to feed first on diseased 

a Id ^”1- l‘“»ves of healthy individuals, 

m the disease msultcd in forty-six out of forty-eight plants. 

Once a jassid liad led upon streak maize jrlants it carriU the 
disease for a long period. In one special imstance a jassid lived 
for five months and carried the disease to eight separate plants. 
It was also ascertained that in spite of periods of starvation and 
of feeding on apparently immune plants, there was no loss of the 
power ol infection. The power of infection was not passed on to 
the progeny, and the eggs laid by infective leafboppers gave rise 
o umii ectne offspring, but infective leafhoppers still retained 
tlicir power of causing disease during ciiange of skin 

• m ^ I lie actual period of incubation was 

variable and dependent on temperature; the higher the tempera- 
re the shorter the period- of incubation, and at 30° C. the period 
was between si:? and twelve hours. ^ 

The rosette disease of pea-nuts, which is also found in South 
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\fi-iea, has been shown by Storey and Bottomley to be transmitted 
jy the aphid. Aphis leguminosce, and not by leafhoppers. The 
lisease produees striking modifieations in the plant, and the 
liseased individual may become little more than a close tuft of 
miall curled leaves (Fig. 54) forming a cushion of a few inches in 
liametcr, or its branches may be of some length, but bear 
rermiually similar tufts of small leaves. Aceompanying this 
rosette form of injury is a more or less yellowing of the foliage. 


Fig. 54. — Rosette disease in Peanuts. Healthy and diseased peanut 
plants, the latter infected at an early stage of growth. (After 
Storey and Bottomley, .itwws. 


usually distributed over each of the young leaves. Rosette 
disease up to the present has not been transmitted by inoculation 
of diseased sap, but in one instance grafting was found to be 
successful. Insect transmission wdth A/ legwmmosce^ however, 
proved highly successful in a large percentage of cases. 

One of the most interesting cases of the relation of a viptis 
disease to its insect carrier is that of the “ aster yellows ” disease 
which attacks the China aster, Callistmhus chinensis^ aijKl is a 
serious disease in the United States. ^ /" 

Aster yellows is an infectious chlorosis, and its syjdptoms are 
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somewhat similar to the leaf-roll of potato, curly-top of sugar- 
beet and peach yellows. Diseased plants never show mottling, 
and it is therefore not a mosaic disease. The first symptom to be 
observed on the young plant is a slight yellowing along the veins 
in the whole or part of a young leaf. After a plant has been 
diseased for some time the new lea^"es that develop are chlorotic 
throughout. One-half or more, or a sector amounting to less than 
one-half of a plant, may be chlorotic for some time before the 
remaining portion is affected. Such sectorial infections are 
characteristic of aster yellows. The disease is systematic in the 
above ground portions of the plant and causes chlorosis in all 
green tissues. Curiously enough, however, petals wdiich normally 
contain no chlorophyll become quite green in diseased plants. 
Another striking symptom of the disease is the abnormal produc- 
tion of secondary shoots. Instead of the lateral buds remaining 
dormant, they produce long, thin, chlorotic branches. Stunting 
of the plant, as well as of the flower heads, is also a feature of the 
disease. A peculiar characteristic of aster yellows disease is the 
change which it brings about in the response of the plants to 
gravity. Instead of the diseased leaves lying flat and making a 
broad angle with the perpendicular, they stand upright. 

The disease can be transmitted to more than fifty species in. 
twenty-three different families of plants, such as the Compositse, 
Plantaginacese, Solanace^e, Labiatae, Cruciferse, Chenopodiacefe, 
to mention but a few’'. Among asters, however, the disease is only 
spread by the leafhopper, Cicadtila semotata, and by no other s 
insect. The relationship between virus and insect vector heJf^f 
is apparently of a highly specific nature. 

It has been shown by Kunkel (1926) that the transmission of ; 
aster yellows by Cicadula sexmtata is not a simple mechanical 
tnmsfer. In the first place, there is a definite period between 
'll 

'Vi 


virus-free insects feed on diseased plants and the time 
I they are able to transmit the disease— the incubation 
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i^J^^nd secondly, the persistency of the virus in the insect 

period varies somewhat for different colonies of;| 

, . ' ut i^iich colonies are unable to transmit the disease until 
W’as Mctwec^i 

The rosettS^fs^^'^^ diseased plants. In general terms, the 
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jincubation period is shorter fdr adults than for nymphs, but is 
inever less than ten days, and may be as long as three 
jweeks. 

f Kiinkel considers, from this intimate and specific relationship 
' ; which exists between the virus and its insect vector, tliat the 
[causative agent of aster yellows is biological rather than chemical 
I in nature, for it is difficult to conceive of any agent other than a 
living organism that would require an incubation period in its 
insect carrier, or would be retained by the insect over long periods 
I of time in the absence of susceptible host plants. Like leaf-roll 
I of potato, aster yellows cannot be transmitted by juice inoculation, 

I but it has been produced by budding. 

I The examples of virus diseases and their insect vectors could 
[be multiplied indefinitely, and it will on this account be more 
, profitable to discuss certain recent work on the separation of some 
!of the mosaic disease of the potato into two or more entities by 
the aid of a combination of needle inoculation and insect vectors. 

; : It was shown by Kenneth Smith (1927) that the mosaic disease 
of potato is transmitted hy Myzus persicce and Macrosiphoyi gei, 
but he was unable to produce the symptoms of mosaic in a potato 
plant in the same year as that in which the inoculations were 
performed by means of aphids placed upon the haulms, and the 
disease only showed itself in the plants produced by the progeny 
of the experimental plant in the following year. If, however, the 
aphids be placed upon sprouting tubers it appears possible to 
produce current-year symptoms. 

It was later found by Kenneth Smith (1929) that needle inocula- 
tion of a* potato mosaic virus into tobacco gave rise to a ringspot 
disease in the latter plant. It was further discovered that 
progressive needle inoculation of this ringspot disease into succes- 
sive tobacco plants resulted in a greatly increased virulence of thc» 
disease. This increase in virulence was such as to cause the death 
of very young tobacco plants in every case and to producc^|K 
severe necrosis in older seedlings. The behaviour of -the 
, seedlings was fairly constant ; tlie necrotic diseasa|ki|$| ^^^B 
portion of the plant with the exception of the young rcn^>il 
After a period of two to three weeks, the pMht' to 
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grow once more, and the new leaves formed show^ed a severe and 
sonKitimes brilliant mosaic-like mottling. 

When healthy potato plants are inoculated with the ordinary 
j’orm of tobacco ringspot, a mosaic is developed in which the 
syrnjrtGms are intensified and the infective power greatly increased. 
But inoculation into the potato of the virulent form of tobacco 
rings}K)t, obtained in the manner described above, that is, ringspot 
passed through a successive series of tobacco plants, produces an 
additional factor. On the young leaves of a potato plant inocu- 
lated in this way there first appear the symptoms of an intensified 
mosaic, characteristic of ordinary ringspot inoculation ; later, 
liowever, the lower leaves of the potato plant commence to die 
and death proceeds rapidly up the plant, the leaves first turning 
yellow and then shrivelling completely, and ultimately the whole 
plant may die (Fig. 55). 

J ^ It was also found that aphids {Myzus persicce) could be induced 
to carry infection with regularity to the healthy potato plant from 
tobacco affected with virulent ringspot. The symptoms produced 
on the potato were identical with those produced By aphis infection 
with ordinary tobacco ringspot, ic., an intensified form of mosaic. 
There is, however, this difference between aphis transmission and 
needle inoculation : if the disease be returned to tobacco from 
infected potato there is no decrease in the virulence of the disease 
in its passage through the potato, and tobacco seedlings rapidly die; 
but in the case of aphid transmission, if the disease be returned 
to tobacco by needle inoculation after it has passed through 
liealthy potatoes, the tobacco shows the dark green lines typical 
of aphis infection. Comparison of the respective inoculations of 
healthy potato by aphis and needle from tobacco affected with 
the virulent virus, shows that the lethal character pi‘ tlic disc^ase 
is not transmitted by the aphis. 

Comparison of needle and aphis infection of tobacco wil h ])ota 
j Mosaic shows tbat needle inoculation produces ringspot oi 
‘ tobacco, whereas the aphis produces a mottling accom])ai 
lines and spots of darker green, and the accompany 
shows a diagrammatic representation of the resultii 
in each case (Fig. 56). 
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In the case of infectioii witli aphids there was little or no 
increase in the virulence of the disease through successive inocula- 
tions, and it would appear that the aphid fails to transmit some 
element of the virus which is concerned with the production of 
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^ tobacco 

{ Momt « dark \ 


the more lethal and necrotic symptoms, which are carried over by 
needle inoculation. 

Kenneth Smith (1931c) has now been able to show that certain 
potato viruses of the mosaic group are not single entities but arc 

or more complexes. The disease which' 
:hibited itself with needle scratch on tobacco is a mixture of two 
iplexes. In other words, needle inoculation parses over both 
jases, whi^h for the sake of clarity are called ai and // ; a? exhibits 


Fig. 5G. 
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itself on tobacco as ringspot, and |/ represents the aphis-borne 
virus, the symptoms of which take the form of a darkening of the 
dark green colour of the tissues along the veins in tobacco. 

The methods of virus separation used in this investigation fall 
into three groups and separation was effected in the foliowiiig 
ways : — ; ' ,, 

(i.) By utilising a selective relationship which e^^ists between 
the aphis vector, Myzus fersicce, and the tobacco plant. 

(ii.) By the use of “ filter ” plants. A comparative study of the 
host range of the single virus («/), isolated by means of the insect, 
and of the virus complex + y), revealed the fact that there were 
several plants which were susceptible to ringspot virus (a?) but were 
resistant to the aphis-transmitted virus (y). This fact suggested 
the possibility of using certain of these plants as filters, and 
experiment has showm that passage of the whole complex {x -f y) 

' through such plants removes the aphis-borne virus (y). That the 
virus y is actual!}^ removed by this process was shown by the 
analysis and synthesis of the complex, and also by the fact tliat 
the aphis cannot pick up y from a ringspot resulting from the 
passage through one of the filter plants. The successful Use of 
filter plants depends on needle inoculation, since grafting tran>snhts 
the whole complex. 

(iii.) By taking advantage of the unequal rates of movement of 
the constituent viruses wdtliin a plant host : (1) at the moment of 
development of primary symptoms in the young plant inoculated 
w^ith the complex, and (2) in the ageing plant. 

* Carriers 

The presence of carriers of virus diseases in plants has been 
knowm for a considerable time, although actual details are rather 
meagre. For example, it was shown by Allard (1914) that tobacco 
, mosaic could be transmitted to a number of species of Nicoiianay 
j other than iV, tabacuniy but when juice was inoculated into N. 
]glutinosa there was no appearance of symptoms, Nevertlieless, 
vthe plant was earrying the disease, because when juice from 
apparently healthy A. which showed no signs of mosaic 

after inoculation, was returned to N. tabacum^ the latter developed 
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the disease. Walker (1925) and Elmer, however, have shown that 
xV. glntinosa is not really immune and is a species susceptible to 
tobacco mosaic, although Allard failed to produce infection. 
Similarly, it has l>een shown by Kenneth Smith that the common 
solanaceoiis weed ol' cultivated and waste land, Solanum nigrum,- 
. is a carrier of potato mosaic. It is, however, doubtfid whether 
S. nigrum plays any part in the over-wintering of potato mosaic, 
since it is an annual, and there is at present no evidence of seed ? 
transmission in this plant. Quanjer found that when he grafted 
to a healthy tomato plant the top of a leaf-roll potato, the tomato 
showed no signs of tlie disease, but if the potato graft were removed 
and a part of the apparently healthy tomato was in turn grafted 
on a healthy potato, the latter developed leaf-roll. 

The curious results obtained by Johnson (1925) when he 
inoculated juice from apparently healthy potatoes into tobacco and 
found that the latter developed various symptoms are probably to 
be accounted for by the fact that his potato varieties were carriers. < 
Johnson found that when he inoculated tlie juice obtained from 
apparently normal plants of the ^•ariety Triumph into tobacco, 
three characteristically different syTiiptoms were developed on the 
latter : (i.) a “ mottle,” (ii.) “ spot-necrosis,” and (iii.) “ ringspot.” 

While not actually disregarding the feet that Triumph may be 
a caiTier and is tolerant of certain infectious viruses, Johnson 
inelmed to the view “that the viruses secured from healthy 
potatoes are not actually present in the potato as a true virus, 
but merely as normal (or possibly abnormal) protoplasm . . . a ( 
hypothesis possessing many advantages from the standpoint of 
explaining what is now known about virus diseases. Such an 
hypothesis, however, is no longer tenable. It is now well estab- 
lished that a number of potato varieties are carriers of virus 
diseases. For example, many plants of Up-to-Date carry a 
streak, while it has been shown by Salaman that all tubers of 
g^ng Edward carry a disease termed by him “para-crinkle.” 
^Wh Henderson Smith (192S) and Salaman have independently 
feil^'^^ conlirm Johnson’s statements. Henderson Smiti 
in ^ tomato, juice from nine different varieties d 

potato^- Victory, x\rran C’hicf, Epicure, Sharpe’s Expres;^ 
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Majestic, Great Scot, President, Abundance, 
which had been carefully tested beforehand 
any concealed virus that might be harboured, 
any symptoms of virus disease were develo 
On the other hand, wdien potato mosaic ’ 
tomato from diseased plants of Kerr’s Pink, 
of disease were developed within fourteen df 
It seems clear from this work 
were used, that in this countr 


with the potato varieties that 

. T potato protoplasm, as such, docs 

not produce mrus disease in tomato. 

A particularly interesting ease of a carrier of virus disease in 
the potato has been investigated by Salaman and Le Pel’ It 
was found by these investigators that when scions of app. 
liealthyKing Edward were grafted on to Arran Vietorv the latter 
developed a severe “ crinkle.” When a similar operation was 
repeated using President in place of Arran Victory, the President 
showed no signs of disease, but nevertheless it wms also acting 
as a eaiiiei, since wdien Arran \ictory w’as grafted on t the 
apparently healthy President, the fonner developed th ue 
symptoms as wdien grafted alone to King Edward (Fig, 57). 

The variety King Edward is an example of a really perfect 
carrier. The plants used by Salaman and Le Pelley were especially 
selected for their appearance of health. This latent disease, which 
is present in King Edward tubers, is termed by these authors 
“ para-crinkle,” to distinguish it from the crinkle found in o+her 
potato varieties to wdiich Salaman has given the name of “ crinkle 





Sir?') all appearance, 

crinKie. (2). An Arran Victory plant grafted 
.cion wirrying l ara-crinkle. The scion,^ which 
healtliy in appearance ; the 
ed (3).* A plant of 

Md r ‘‘I'e”"^ i Victory 

from thel tuber of a plant infected 

rfiA P^t ^ developed “ curly dwarf.” 

d I.e Pelley, Proc. pL. Soc. (Lmid.).) 
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paiiied by local puckering and deformity, allied with an early 
waving of the leaf edge. In the first season of the disease the 
symptoms are chiefly to be found in the younger upper growth' 
but intie second season of growth the stems are numerous, short 
and buttle, the foliage is clumped and grossly deformed and all 
lesions are intensified. When grown in the field, the plants show 
a dwarfed appearance and are often not more than 6 or 9 inches 
high, the leaves are clumped and twisted and the plants look ra'ore 
like cabbages than potatoes. 

^ The reactions of para-crinkle in other varieties than Arran 
Victory were also studied. In Arran Chief the same clinical 
picture was produced as in Arran Victory; in Arran Comrade, 
Great Scot and Majestic a mosaic was produced instead of a 
crinkle, while varieties which did not visibly react at all but 
nevertheless carried the disease, were ; Abundance, President and 
possibly Champion, and lastly, the following varieties appeared to 
neither react to the virus nor did they appear to act as carriers : 
Arran Crest, Di- Vernon, Epicure and Sharpe’s Express. 

Unlike crinkle A, para-crinkle does not appear to be communi- 
cated to Datura hy juice inoculation either directly from King 
Edward or indirectly from it through Arran Victory, nor is it 
transmitted by insects, but the disease can be transmitted to 
Datura by grafting. It was also found that double grafts made 
by grafting Datura stems (with and also without leaves attached) 
to Arran Victory and a para-crinkle scion to the Datura, that 
passage through the tissue of a solid, leafless Dafera stem, 

2 inches long, had no effect on the virus, but if the leaves of Datura 
were present, then the virus was destroyed by its passage through . 
tbe 

, ^ .-ffitiology ■ ■ 1#:' I 

irom time to time statements have been made, and descriptions 
published, of different organisms associated with one or mon^ 
virus diseases of plants. For example, bacteria, protozoa 
mycetozoa have been described as being present in plants infe^ed 
with virus. Such an account was given in 1903 by Iwanowski i 
his investigations of tobacco mosaic. He discovered tha.^^ ill? : 
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^ of the cells in diseased leaves coiitaiiied plastic amoeboid bodies, 
and that these were never found in tissues of healthy plants. He 
concluded, however, that since the entity which causes tobacco 
mosaic is capable of passing through the pores of a porcelain filter, 
the amoeboid bodies must be the result rather than the cause 
of the disease. Similarly, Eekerson has described certain motile 
organisms in the leaves of tomato affected with mosaic, as well as 
in other plants suffering from virus diseases, e.g,, wlieat rosette, 
mosaic in Hippeastrum Johmoni and dahlia. 

The fact that filters of a sufficient grade of fineness will retain 
plant viruses has led to the general belief that the causal agents 
of these diseases must be particulate, and the majority of investi- 
gators incline to the view that tliey are living parasites, although 
the evidence for this view is by no means eonelusive. From 
filtration experiments, Duggar and Karrer place tlie size of the 
virus of tobacco mosaic at SOpfi. On tlie other hand, the various 
organisms that have been stated to be associated with these 
diseases are all of comparatively large size ; but this is not a 
conclusive argument against their acceptance, since a part of 
tlieir life-cycle may include an ultra-microscopic, or filtrable stage. 
However, the evidence of actual relations} lip between disease and 
the presence of these organisms is by no means satisfactory. 

Olitsky stated that he was able to obtain infection with the 
twelfth sub-culture in sterilised juiee of tomato mosaic; and that 
there was multiplication in vitro of this virus. This statement ^ 
however, has never been substantiated by other workers. Hen- 
derson Smith (1927), Mulvania, Purdy and Goldsworthy all failed 
to find evidence for such multiplication, and at the present time 
no plant virus has been proved to multiply outside a living host. 
In 1910 Lyon described the presence of small, spherical, irre- 
gularly shaped bodies in a disease of siigar-eane to wliieh lu^gave 
the name of Fiji disease, as at that time it was very prevalent 
in Fiji. This Fiji disease of sugar-cane is an infectious gall disease, 
and elongated galls are produced at irregular intervals in the 
^ phlcern of both leaves and stalks of the plants. These bodies were 
j|)elieved by Lyon to be a parasitic organism. Some years later 
^^^24) Kunkel discovered the presence of intracellular bodies in 
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the cells of chlorotic tissue of cnm .-.i.,,,* . 

able to find such bodies associated with the. 

Hippenstmn tpmlre. aid h, both com mosaic and in' B 
these bodies were closely associated with the nncleus of tte mh 
Since these earlier publications, such intracellnl-ir • i ** 
toe been show., to be present in a considemble number” 
disei^es of ptats and m very divensifled famihes. The e bo lie 
ae ptactiealiy always extranuelear. although GoldstcTn Syt 
had recorded a single instanee of an intranuc1c«. 
dahlia mosaic. Their prodnetion is de “1 

the virus rather than on the nature of the host plant Intlf'^ ” 
o tobacco mosaic these bodies are produced in even- tot‘fa 

r“fom.ftT™ 'if** '■'■e.to cueumb'er mosaic 

netci loims then . The pmsence ot such abnomnd inclusions is 

not confined to plant viruses alone , they are to be ton, d “ 1,0 
vnais dmeases ot man, and the vims diseases ot insects Ind feh^ 
and their appearance is so regular as to make them a valuable aid 
, in diagnosis in certain instances, such as rabies. 

r inclusions, which have been aptly named X-bodies bv 
Goldstein, have been carefully studied in a number of instances 
and a good deal of information is now available with regard to 
their behaviour and formation. Goldstein has made a partfeularlv 
thorough investigation of X-bodies in living tissurof bo k 
gmwmg-pomts nud leaves ot plant, affected with tobacco mosah 
She was able to bring forward evidence that they divide b.: 
conslrtoon and that their distribution m the plan? 

T..°l “""“to? eviZee 

that X-bodies divided and were distributed by successive division, 

Sdito ’ ^ ■" of 

X-bodies are granular or finely reticulate in structure and 

T often Zghb! 

imetimes elongated, and are vaeuolatc“, 

sometimes with only one very laige vacuole. As a rule! 
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the margins of tlic \ aeviole stain more deeply tliaii the rest of the 
mass. There is a eonsiderable amount of eA'idcnee a\'ailahle that 
they are able to inerease in size. In the early stages of the disease 
they are small, but become larger in tlie more advaneed stages. 
There is no direct evidence of autonomous movement, but the 
bodies move freely about the cell in the streaming of the 
protoplasm. 

It has been established by Hohues that in the mosaic disease of 
Hippeastnm eqimire mitochondria are present in the X-bodies. 
These mitochondria are well distributed through the substance 
of the X-bodies, and Holmes inclined to the view that the intra- 
cellular body in this particular disease consists of living cytoplasm, 
but against this view must be set the fact that he was quite unable 
to discover the presence of a nucleus. (Fig. 58.) 

A munber of workers have tended towards the view that X- 
bodies are living entities, and the e^-idence upon which this con- 
clusion is based is the fact that (a) tlie X-body looks like an amoeba 
in general appearance, (b) pseudopodium-like projections are some- 
times present which suggests ammboid movement, (e) the appear- 
ance of fission and occurrence of several bodies in the same cell ' 
which suggests that division has taken place, (d) increase in size, i 
and {e) their protein nature and the presence of mitochondria. ! 
The recent observations of ShelTield and Ilendei-son Smith on 
their formation and nature, from their first appearance in the 
hairs of Solanum nodiflomm, when infected with aucuba mosaic 
of tomato, make it unlikely that they are actually living entities. 

Solanum nodiflomm is a particularly suitable subject for an 
investigation of this nature. The X-bodies are conspicuous 
structures in the cells of the leaf-hairs in this plant, and they 
occur unaccompanied by those other abnormal inclusions (such 
striate material, crystal plates, etc.) whioh crowd the cells in 
aM complicate the issue. Aucuba mosaic of tomato 
:ypim mosaic in S. nodiflomm, with characteristic 
:-egular mottlin^f the leaves, and is transmitted to this species 
with great ease by jtuice inoculation. 

The hairs on the'Meaf are two- or four-celled structures, with 


_ — 

somewhat rigid walls, stand out stiilly from the epidermis, 
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The (*elk of the normal hair contain nothing but the 
nucleus, the periplicral (*yto]’>lasm, and a varying niiniber of 
strands of streaming cytoplasm. No 
ehloroplasts are present. The hairs of 
an infected leaf contain, in addition, a 
large abnormal inclusion, the X-body. 
Typically, these X-bodies are ronghlv 
spherical, and usually there is a tendency 
for the rounding of the contours. The size 
varies very materially; the larger may be 
as much as 30/x in diameter, while the 
smaller may be of the order of 5g, or less 
in their larger diameter. The larger bodies 
are partially translucent and are tinted 
brown or pale yellow, while the smaller 
bodies may show no colour. In striicture 
they are coarsely granular, and in many 
eases look as if they were aggregations of 
smaller particles rather than being truly 
homogeneous. Vacuoles are present, and 
the number varies from as many as nine 
to one or two. In most cases the body 
is Ibund in close contact with tlie nucleus, 
sometimes alongside, often more or less 
enveloping it, but ne\'er incorporated witli 

if* 

In Solanum nodiflonim there is a pro- 
nounced tendency to crystallisation in 
these bodies, a fact not previously recorded 
in the literature. This is very clearly to be 
seen on the surface of the larger X-bodies, 
in which definite crystals can be seen to 
project from tlie mass, and are particularly 
visible at the margins, but they are usually 
in the elongated forms lying along the walls of the 
to crystallisation is accentuated in certain 
, but it can also be seen 


Fig. 50. — Sohmiim 
nodijlomm. Hair 
showing X-bodios. 
Note tlie granular 
appearance ; and in 
the two terminal 
cells the projecting 
particles. In the 
third cell the nu- 
cleus is visible at 
the upper edge of 
the body. (After 
Henderson Smith, 
iiiol) 



luG.OO. Solaniwi nodiflomm. (1). A normal hair. (2) Crvstallisincr 
X-body 1.1 leaf-hair The nucleus can be partly LenatlSoM 
edge ot the mass of crystals. (3). X-bodv in enidermk nf ?£/ 

Henderson Smiti 

more, their further progress being facilitated by modifieatiom 
and alterations in shape of the plastic particles themselves 
With .still further increase in size, the halts become longer in 
duration, and they may last for a couple of hours or more. At 
such a halt another particle may join the stationary one, and when 
the moi-ement is resumed, the two may separate, or they may go 
orward as one mass. By successive increments large masses are 
eraitually formed which are readily recognisable as X-bodies. 

lese composite masses may remain permanently in union, and 
when they do, they appear to fuse together into a more homo- 
geneous whole, in which \'acuolation may be observed. Occa- 
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ill unfixed material. It is most evident in old U. 
leaves in which infection has been of long duration “ 

In the early stages of infection there annear in tb. i ■ 
cyt.,*™ of the „.h. e„o.ll p.rtiefe, "““‘S 

he etreao, .,„d toul to aggregate together io the for,,, Hon 
larger o.aasea IVtl, rnereaa, in ti„,e, these p.rtieles eCd h. 
site, md at the anastomoses of the strands, tend to hesitate or 
Ut, for a longer or shorter time before they move f„,™ri 
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Iiowever, a <*oni|>o.site mass may separalt' oj 
after long eontaei, into its eoiistitiHait pjnls, which 
ihFiv inflepeiKleiit movement. Wlu‘n this takes place, ligiires 
seoi which show ev’^ery appearaiic(‘ of iission. !)ut tliis is not 
(*as(‘ oi* division in tlie sense of nuiltiplieation, since the 
})odies may oiiee more unite. Similarly, when a smaller 
breaks away from, en* nnites with, a iargea* mass, appearances are 
]>resented whieli sinuilate tlie |>roduetion of pseiidopodia. This 
mode of formation accounts for many of tlie appearaiiees which 
Inn e l(‘d to the belief that X-bodics are living entities. It also 
(‘X}3lains the great tendency for X-bodies to be associated with the 
inu’leiis. since it is roiind the luicleiis tliat the protoplasiniG 
strands cross and anastomose most freehy and sucli situations 
allow of aggregations to take place. 

A number of chemical tests were made with tliese X-bodies in an 
atlempt to ehicidate their nature. Tluw are al>le to withstand 
boiling in distilled water for twenty minutes, and are not dissolved 
in alcohol of any streiigtli, nor arc the}' soluble in acetone or 
chloroform. They dissolve in either causti(‘ soda or potash, and 
tliey are also soluble in hydrochloric and sulphuric acid. With 
]\Iiik)ids reagent they gh’e a pronounced bric/k-red colour, and they 
also give the Biuret reaction. 'Potassium was also found to be 
present, but they gave no reactions for fats with Sudan III, 
Sharlach R, or osmie acid. 

It is clear from these various reactions that the X-bodies in 
Solanwn mdifiorum are protein in nature, and are regarded by 
Henderson Smith (1980) as a prodiud of the reaction produced in 
the cell cytoplasm by the virus and not as any living organism, 
and certainly the evidence produced of the method of formation 
and the chemical reactions of tliese bodies seems to point to the 
fact that this conclusion is correct. 


Physiology of Virus Diseases in Plants 


iUp ti^^, present the physiologi(‘ai side of the ^'irus diseases 
been scarcely touclied upon, and such papers as have 
been produ^^ ^ standard of quality. The 

^^^ajority of ba\'e studiously neglected this 
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aspect of the siibjecrt/ and to liave concentrated on inoculatiiig 
expressed juice into any number of host plants and observing the 
appearance of symptoms, making thereby an already confused sub- 
ject worse confounded by recording each fresh symptom as a new 
disease with a new name. If the literature of the virus diseases 
of plants be reviewed as a whole, it must be confessed that up to 
now the greatest progress has been made on the entomological 
side in relation to the transmission of these diseases by their 
insect vectors, and the purely botanical side, physiological and 
otherwise, makes but a sorry picture in comparison. 

An attempt has been made by the Dutch investigators under 
Dr. Quanjer at Wageningen to elucidate the physiology of potato 
leaf-roll. Two prominent features of leaf-roll in potatoes are : 
(i.) accumulation of starch in the lamina of the leaf, and (ii.) 
necrosis of the phloem. Three main hypotheses have been put 
forward to account for the accumulation of starch in the blades 
of the leaves : Oortwijn Botjes, Woods, and others, consider that 
it is due to a disturbed enzymic process, while Quanjer holds that 
it is due to disturbed transport on account of the necrosis of the 
phloem, wbich is the main downward channel for carbohydrates. 
Murphy (192B), on the other hand, put forward the suggestion that 
transport does not take place because the plastic materials are not 
present in a water-soluble condition. Thung has made an investi- 
gation of this problem to see which of these hypotheses is correct. 

The potato variety used w^as Paul Kruger (probably identical 
with our variety, President). Secondary leaf-roll was obtained by 
planting diseased tubers, while the disease in the primary condition 
was obtained by infection with Myzus persicfe. It might be 
suggested, in parenthesis, that since the plants were grown in a 
greenhouse, the leaf-roll obtained by insect transmission was 
also in the secondary stage, as the primary stage only exists for a 
very short time under greenhouse conditions. 

The rate of photosynthesis in young leaves of diseased plants was 
found to be normal, but decreased with accumulation of starch. 
The respiration rate of diseased leaves appeared to be higher 
tlian tliat of normal, iiealthy leaves. In plants wbich liad been 
darkened there was loss in dry weight in the case of healthy plants, 
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|:>resiiirial)Iy due to transport of sugars from the blade as well as 
respiration, whereas in the leaves of the leaf-roll plants the loss in 
weight did not appreeiably differ from the amount lost from 
respiration. It is eoneluded from this that there is no transport 
in the diseased plants and that aeeumulation of starch is due to 
necrosis of the normal path of transport, the phloem. There is 
one serious difficulty in accepting tlie theory of a disturbed path 
of transport, for it has been shown by Murphy that aeeumulation 
of starch takes place before and not after necrosis of the phlceiii. 

Some unpublished observations of the present author and his 
colleague, Mr. Alan MeBain, bear on this problem of the accumu- 
lation of starch in potatoes affected with leaf-roIL In this investi- 
gation two varieties were used, Arran Victory and President. 
The disease was transmitted by sprout infection with Myms 
perslece, and no difficulty was eneoimtered in inducing the disease, 
and 100 per cent, infection was obtaiiied in both eases. The 
plants, diseased and healthy controls, were grown in insect-proof 
greenhouses, and in no case did the in\"estigators observe more 
than the transient appearance of the ])rimary symptoms of leaf- 
roll, and tlie plants ]msscd (piickls’ into the sc*condary condition. 

It was decided to investigate the carbohydrate changes in 
lamime and ]X‘tioles at hourly intervals over twenty-four hours 
at different times in tlie growing season, and the experimental runs 
WTre arranged accordingly, two on President and three on Arran 
Victory. The carbohydrates estimated were, hexoses (glucose and 
fructose), sucrose and starch, and the results were ealeiilated as a 
percentage of the residual dry weight,’' /.e., dry weight less total 
carbohydrates, which gives a more constant basis for calculation 
over short periods of time than the total dry weight, since the 
latter value will vary with the amounts of carbohydrate present. 
The hourly variations in temperature and radiation were also 
recorded. 

The data were statistically examined by the methods given by * 
Fisher and by Student ” and a few of the results and conclusions 
are given below. 

In the earlier part of the growing season, end of ]\Iay and early 
June, it was found that in the normal plants there was a rise in the 
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hexose values with rise in radiation, and increase in sucrose lagged 
behind increase in hexose. Over the whole experimeirtal period 
there was a negative correlation with time in the hexose values 
()• = - 0 - 712 ) and a positive correlation with time in the sucrose 
values {r = + 0 - 651 ). The starch, like the hexose, showed a 
negative correlation wnth time, but the value was not statistically 
significant (?• = — 0 - 4 - 10 ). The direct correlations between hexose 
and sucrose and sucrose and starch were not statistically signifi- 
cant, but the direct correlation between hexose and starch was 
statistically significant (?• = 0 - 5480 ). On the other hand, when 
the partial correlation between hexose and sucrose, with time kept 
constant, was calculated, the value between the two show'ed a 
high significant correlation (r = 0 - 8827 ). Similarly, there was a 
high significant partial correlation between sucrose and starch, 
with time constant {r = 0 - 6387 ). When the partial correlation 
between hexose and starch was calculated, with both sucrose and 
time kept constant, the value was still statistically significant, but 
negative in sign (r = — 0 - 8878 ). The relationship of the sugars 
with temperature was complex. None of the direct correlations 
between either hexose, sucrose or starch with temperature were 
statistically significant, but w'hen the partial correlations were 
calculated, with time and one of the sugars kept constant, then 
it was ascertained that the partial correlation between hexose and 
temperature, with sucrose and time kept constant, became statisti- 
cally significant (r = 0 - 7742 ), while the partial correlation between 
sucrose and temperature, wdth time and hexose constant, was also 
statistically significant, but negative in sign {r = — 0 - 5704 ), and 
the partial correlation between sucrose and temperature with time 
and starch eliminated was still statistically significant and negative 
in sign, but showed an increase over the partial correlation between 
sucrose and temperature with time and hexose kept constant 
(?■ = — 0-8950 compared with r — — 0 - 5704 ). In other words, 
the higher the temperature the more hexose is fonned, while lower 
temperature favours the production of sucrose. Neither direct 
nor f)artial correlations between starch and temperature showed 
any significant correlations. 

The fact that hexose rises with radiation and sucrose lags 
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}>e}iiiul, niid tine further lact that there is a iiegative correiation 
between hexose and time, and a positi\'e correlatioji between 
sucrose and time, as well as the fact that temperature and hexose 
show a positive value, whereas sucrose shows a negative correla- 
tion, jxhnts almost irresistibly to the coneiiision that hexose, and 
not sucrose, is the first sugar of photosynthesis in normal potatoes. 

In normal potatoes, statistical examination showed that there 
was a correlation between sucrose in the lamina and sucrose in the 
petiole (r = 0*5431), and also between the total sugars (hexose and 
sucrose) in the lamina and sucrose in the petiole (r = 0*5862) so 
that the translocatory carbohydrate in the healthy potato is 
sucrose. 

Plants affected with leaf-roll also exhibited an increase 
of hexose with radiation, but the values lagged behind those of the 
healthy controls, and on the average there was lag of about two 
hours between increase of hexose in the healthy and increase of 
hexose in the leaf-roll plants. The variation with time in the 
hexose values was again negative, but the ^"aliie was not statisti- 
cally significant (r = — 0*044). The behaviour of sucrose, 
however, was peculiar. There was a slow rise in the sucrose values 
during the day, and then, witli remarkable suddenness, they surged 
to a maximum and the cmrelation betw*een sucrose and time 
was positive, and statistically significant (r = + 0-8010). The 
variation of starch with time was found to be positive but not 
statistically significant (r = + 0*061). All possible eorrelations 
between hexose, sucrose and starch were calculated, but the only 
significant correlation that was obtained was between sucrose and 
starch, in which the partial correlation with time eliminated was 
(r = 0*5440) and with time and hexose eliminated (r = 0*5431 ). 

Analysis revealed the fact that in the petioles of the leaf-roll 
plants, no sucrose was present at any time of the day or night, and 
the only carbohydrates that could be discovered wwe hexose and 
starch, and that there was a direct correlation between them in the 
petioles (r = 0*7200). No correlations that were statistically 
significant could be discovered between the lamime carbohydrates 
and the petiole carbohydrates. It should also be mentioned that, 
as far as could be ascertained from miero-ebemieal tests, the wtiole 
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of the starch iii the petiole was to be located in the ground 
parenchyma. ® 

It is not possible at this stage to give more than a few tentative 
conclusions from the facts that have thus far been examined. It 
seems clear that the disease in some way slows down the formation 
of sugars in the leaf during photosynthesis, if the hypothesis be 
accepted that hexose is the first sugar of photosynthesis. The 
rapid rise in the sucrose curve towards the end of the day is very 
characteristic, and occurred in every case in which the laminte of 
the diseased plants were examined. Since sucrose is the sugar of 
translocation in the normal potato, it would appear that this 
sudden increase to a maximum in the diseased plants is due to the 

fact that sucrose is unable to escape from the laminEe. 

Translocation, however, is the most difficult problem to explain 
in the leaf-roll plants. 1 hat translocation in some form must, take 
place is e\ ident from the fact that tubers are produced in the 
diseased plants. It will be recalled that in the petioles of leaf-roll 
plants no sucrose is present at all. Moreover, in leaf-roll plants 
the phloem wdiieli forms the downward channel for transport of 
sugars suffers necrosis, so that the normal path of translocation is 
barred. It will also be remembered that the starch in the petioles 
was located in the ground parenchyma, and that there was a direct 
correlation between hexose and starch in the petiole. It is there- 
fore suggested now, that translocation takes place in the leaf-roll 
plants by a slow leakage downwards to the tubers of hexose via 
the ground pai'enchyma. If this hypothesis be correct, it mav 
also account to a certain extent for the poorness in yield and size 
of tubers from leaf- roll plants, since the sugar that travels down 
to the tubers is not the normal one (sucrose) and hexose may not 
be so suitable for tuber formation. 

The results obtained towards the end of the growing season, 
end of July and beginning of August, differed somewhat from those 
recorded above, inasmuch as the starch in the normal plants showed 
a positive and statistically significant variation with time, whereas 
the sucrose showed a negative variation with time, but the value 
was not statistically significant. In the leaf-roll plants there was 
still a positive and statistically significant variation in the sucrose 
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values with time, as iii tlie early jm of the growing season. 
Until tlie whole of the data have been examined, thes tentative 
eonclusions must remain. 

According to Bewley and Bolas, if tlie expressed juice from a 
tomato plant infected with aucuba mosaic be mixed with an 
aqueous, colloidal solution of tomato elilorophyll, tliat is, the mixed 
green pigments extracted liy tlie method of Willstatter and Stoll, 
from a healthy tomato plant, a marked reaction occurs under 
siiitable conditions. The most striking manifestation of this 
reaction is the formation of a brown colour, and apparently the 
destruction of a greater or lesser amount of the chlorophyll. This 
browning action was found to be very mueh less intense in the sap 
from liealthy plants. Light appears to a very stimulating 
effect upon the reaction, and with a light intensity of 800 foot 
candles, at a temperature of about 80° C., the reaction was greatly 
accelerated. Tliis curious reaction was apparently not correlated 
witli the oxidase or peroxidase content oi* tlie sa[), nor did it occur 
to tlie same degree with a sam[)Ie of infocted sap which had been 
boiled for a few seconds. If this reaction can be confirmed, and 
the conditions for its formation satisfactorily standardised, though 
tliis has not been done up to the present time, it might form a 
quick and quantitative metliod of studying tlie nature of a virus 
and its reactions m tiZ/ra. 

Bolas and Bewley claim that the following points obtain in 
tlie metabolism of tomato plants affected with aucuba mosaic. 
In the early stages of infection tlie removal of starch from the 
leaves of plants placed in darkness is greatly accelerated, except 
at the points of infection, which show a marked local inhibition 
of starch removal. At this stage starch formation does not appear 
to be affected by light. This local inhibition of starch at the 
points of infection is, at a later stage, about fourteen days, follow^ed. 
by removal of starch ovei' a larger area of the inoculated leaf, 
togetlier with a slight yellowing of the chlorophyll and a failure 
to form starch over this portion in the light. 

The acidity of an aqueous extract of infected leaves, whicli w^ere 
sampled at dawn, immediately after loss of starch, was found 
to be greater than from healtliy leaves, and the local absence of 
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starch in the leaves appeared to precede the appearance of mosaic 
symptoms. At a still later stage of infection, some days or weeks 
after typical mottling has appeared, a marked aceunmlation of 
, starch was found in parts of the infected leaf and complete absence 
in other parts. The following scheme is suggested for the starch 
metabolism of tomato plants suffering from aueuba mosaic. 

Starch 

Action of virus 
^ Acids 

^ I 

Plus Nitrogen Attack on chlorophyll Respiration 
Protein Mottling, etc. CO., 

A number of investigations have been made in India on the 
physiology of the spike disease of sandal {Santalum album). In 
spike disease, as in leaf-roll, tliere is accumulation of starch in the 
laminae of the leaves. It was found by Iyengar, as a result of 
a physico-chemical examination of the leaf-sap of normal and 
diseased leaves, that the hydrogen-ion concentration (pH) in the 
latter is lower than in normal, healthy leaves. In healthy leaves 
the pH of the sap lies between 5*15 and 5-71, whereas in the 
diseased leaves the range lies between 4-69 and 4*99. The results 
of a chemical analysis showed that the diseased leaves contained 
more free reducing sugars, starch, total nitrogen, and dry matter 
than healthy leaves. It was also ascertained that the moisture 
content was lower in diseased leaves, and they were also found to 
be deficient in potassium and calcium. 

The diastatic activity of spiked and healthy leaves has been 
examined by Sreenivasaya and Sastri, who ascertained that the 
diastatic activity of diseased foliage is greater than healthy, the 
values of the former often being as much as four times as large as 
in normal foliage. One marked feature of the disease is apparently 
deficiency of calcium in diseased as compared with healthy leaves. 
Neither Iyengar nor Sreenivasaya and Sastri, however, attempt 
any theoretical deductions from their work. 
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The iiiovenieut ol’ Hit* (*niis«‘dive agent of auc*u])a niosak* in 
tomato hus been investigated by Caldwell. The movement of 
\ irus in the host has been st)asm<)di(‘ally worked upon from time to 
time. For example, it was shown by Bennett that the virus of 

raspberry curl ’’ could be eonliiied indefinitely to the inoculated 
shoot by “ ringing.'’ If a small bridge of bark were left^ the passage 
of virus from the inoculated part to tlie portions below took place 
quite readily, and he likened tlie movement of virus in the plant 
from tlie root of the resting stool, to the movement of food, the 
virus moving presumably in the living tissues. The rate of 
movement has also been examined by different investigators. 
Severin eoneluded tliat the infective agent of “ curly-top ” of 
sugar-beet on an average moved >1 inches per hour in his experi- 
ments, while Storey (1928) found that in six eases out of sixteen 
tile rate of movement of tlie causative^ agent of mosaic disease of 
maize was from 10 to 20 cm. per hour. 

xVeeording to Caldwell (1930), aueuba mosaic only moves in 
living tissue. If a portion of the stem of a plant be killed either 
by steam or ehlorofonn, and the portion above or below be 
inoculated with inleeted juice, tlien the virus is unable to pass 
across the dead gap of tissue and is conhned to the part of the plant 
that lias been inoculated, that is to say, if the portion above the 
dead region has been infecTed. then onl}' the upper parts of the 
j)Ian.t show the symptoms of the disease and vice versa* Move- 
ment of the virus is apparently not eonlined to the vascular tissues, 
since inoculation of infected juice causes systematic infection in 
all treated plants, and there is no apparent localisation of movement 
such as would be expected if the virus were travelling in t lie 
vascular tissues alone. 

In a later paper (1931) Caldwell claimed that the virus could 
be induced to travel in the X 3 ’iem under certain particular condi- 
tions. It was found, for example, that liltered virus juice could 
be induced to enter at the cut end of a petyole and that it travelled 
from there into the xylem of the main stem, and unless the petiole 
were removed within fort\^-eight hours from the time of infection, 
the experimental plant developed symptoms of mosaic. It was 
. further discovered that if, after the removal of the petiole, the 
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lesvcs nl)o\c wfir crushed, inlcction resulted. The virus, in 
other words, had entered and was trar^elling in the xylem. hut was 
unsble to pass out and cause infection. When the leav^es aho\’e 
were crushed, the xylem wms broken and the infecting principal 
was able to escape and brought about the disease. Combination 
of this experiment with steaming a portion of the main stem and 
then crushing the leaves still caused infection to take place, so tliat 
it is evident that the virus was being "mechanically carried along 
in the xylem stream, but there is no mechanism to allow of its 
leaving the vessels. It would therefore appear that infection can 
only be brought about through broken cells, and that once the 
virus has entered the plant it travels through the ground tissue. 
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Areiumpitys Eastmanii, leaf -gap of, 46 
Aretostaphylos alptnaf distribution of . 89 
Armillaria mef/ea, myoorrhizal relation 
of, 169 

Arihrostigma gmcile^ presence of, 40 
Aseobolus earbonariuSf heterothallism 
in, 146 

4 . magnifieuSf heterothallism in, 145 
Ascomycetes, cytology of, 131 f t mj. 

heterothallism in, 145 
Asi'ophylium nodosum^ as host of 
Pylaiella^ 191 

Asparagus f scale leaves of, 11 
A, scaber, Seale leaf of, 12 
Asieroxylon elberfeldensef pitting of 
tracheids of, 41 


i Asteroxylon elberfeldense, presence of 
I parenchyma in wood of, 41 

I size and form in, 4 
( 4. Maeldei, size and form in, 2, 3 
Aster yellows, symptoms of, 249 
Atriplex Utorale, biotypes in, 80 
A • sareophylhim ^ geograph i<?al 
variations of, SO t7 mp 
Aucuba mosaic, movement of, in 
tomato, 274, 275 
reactions of, in tomato, 272 

I Balelutha wbikij, vector of maize. streak, 

‘ .248 

I' Bangiales, .216 

I Basicliomycetes, ht‘t<*rothallism in, 148 
j Begonia, carpel polymorplilsm of, 20 
Bennettitales, 63, 7<i 
Berberidaeese, 24 

'BiseuteUa, c'arpel poIymorphis.m of, 22 .' 
Bkistoeladiu gkdmsa, a.nth(;‘ridiu.m of, 
130 

B. Pringsheimii, forniation c.)f 'zoospoi’es 
in, 130' ■■■ 

Blastocladiales, 130, 131 
Bletilla hyacinthinu, germination of 
seeds of, 162 

germination of seeds in absence of 
fungus, 166 

Boletus f species of, associa-ted Avitli tree 
, •niyeori'hiza, 4.79,' 1.80,. 181 ■ '■ 

Brachymeiosis, 134 

Bryophyta, mycorrhiza in, 176, 177, 17S 
occurrence in carboniferous of, 48 
. et seq, ^ j 

Csesalpin'ie'se., 20' 

Calamites , SueJiowih ,■ 'presence in 
.'Shihliotse beds.of, 57 . ' . 
'Calamopityeee, 46 , , 

C'atmnopitys mnerieanaf leaf -gap, of, 46 
''€.\fasckml<tris, primary wood bundles'.'' 

of, 47 " 

(dllipteriditatK presence in Kiisnezk.| 
Horn of, 55 
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\ (jaWpteriii, (’khseime in Sliihhotse beds 
I of, 57 

CaUithmnnion braekiatum^ cytology of, 

' ,':'224 , 

(Jallixylon bristolense^ anatomy of, 45 
maw'iiw, anatomy of, 45 
meriMfoertse, anatomy of, 45 
C. Zalesskyi, anatomy of, 45 
Calluna vulgaris ^ mycorrhiza of, 170 
et seq. 

I Caltha palustriSf genotypical 
I composition of, 92 

Canada balsam, transfer method of 
preparation of fossil slides by, 34 
Capsella Bursa-pastoris, carpel 
polymorphism of, 23, 24 
Carboniferous, flora of, 48 
Carpel, hollow, 19 

polymorphism, 18 ef seq. 

I pseudo-valve type of, 19 

semi-solid, 29 
solid, 19 
valve- type, 19 

Catenaria anguillukVj life-histoiy of, 124 
et seq. 

Caftleyaf> germination of seeds in 
absence of fungus, 166 
germination of seeds of, 162 
Caytoniar fruits of, 67 
i vasbular supply of seeds of, 70 

Caytonia Seivardi^ megasporoplndls of, 
65 

Gaytoniaceae, 65 
* Caytoniales, 64 

affinities of, 70 
leaves of, 69 
male flowers of, 69 
possible relation to Bennettitales 
of, 70 

Celinlose-film transfer, method of 
preparation of fossil slides by, 34 
Ceratostomella fimbriata, cytology of, 
136 

Characese, 9 

Chelidonium laeiniattmi, mutation from 
€h. majus, 76 
C7ry majtis, mutation in, ^ 

ChimapMla nmculata^ mycorrhiza in, 1 72 
mycorrhiza in, '172 
Chordacese, 199 

Chords, gametophyte of, 203, 204 
sporangia of, 199 
taxonomic position of, 204 
Choreocokm Polysiphoniw, life-history 
oi,225etseq. 


Chytridiales, 124 seq. 

Cicadula sexnotata, vector of aster 
yellows, 250 

Circinena spinosuy heterothallism in, 
143 

Cladophlehis NystramiU, presence in 
Shihhotse beds of, 57 
Cladosporium epibrymn, endophyte of 
mosses, 176 
CladoxylacesB, 41, 42 
Cladoxylon scojmrimn^ state of, 41 
Clematis afoliatOf ^hjllode oi., 11 
Closterium angustatmnf chloroplast of, 

Cl. Bianm, chloroplast of, 9 

Cl. funcidium, chloroplast of, 9 

Cl. Lunula, chloroplast of, 9 

C7. striolatuni, chloroplast of, 0 

Cocas, structure of sheathing base of, 13 

Goenopteridacese, 7 

Coenospecies, 86, 87 

Coilybia velutipes, heterothallism in, 
151 

Colocasia, size and form in, 8 
Conostoma, possible relation to 
Caytoniales of, 70 
Convoluta, symbiosis in, 159 
Coprinus, heterothallism in species of, 
148 et seq. 

Cordaiteae, 46 
Cotyledon, 16 

Crossotheca, microsporophylls of, 70 
Crucifers, 18, 19, 22, 24, 30 
Cruciform division. See Protomitosis, 
112 ; 

Cymbidium, distrihiitioii of mycorrhiza 
in roots of, 163 

Cymodocea isaetifolia, leaf structure 
of, 11 

C, manatorum, leaf structure of, 1 1 
C\ nodosa, leaf structure of, 1 1 
Cysfoseira filosa, as host of SphaceMriat 
196 


Dactylis glomerata, variability in, 97, 
98 

var. lobata, shade form of, 79 
ifaMcea Hodojsa, size and form in, 8 
Datum, effect of, para-crinkle on, 259 
Bendromecon, carpel polymorphism of, 

,'25 . ■ 

Devonian, flora of, 38 
Biabrotica vittata, vector of cucumber 
mosaic, 244 


. 
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Bmpm'the pemiciom^ heterotliallisiii in, ! 
147, 148 ' 

literfliio|>liorif, sexual react ion of, 145 
Bietyosiplionaceae, 198 
IHeffjftisiphtm 1 jfe-histor V 

of, 198 

Bietyotacese, periodieitv in fruiting of, 
206 ' ' ’ ■ 
iUctifofa dentata^ periodieitv in fruiting 
of, 207 

B. diehoiQma, periodieitv in fruiting 
■ of, 206 

tetra spores of, 206 

Dictyotaies, 205 I 

Bidpmium, nigripes, life-history of, 120 j 
et seq, | 

Bioanites densinerviSf presence ill ! 

Shihhotse beds of, 57 | 

Diplobiontae, 222 j 

BipIopMpcHs iniesiina, life-history of, ! 

’ : 127 et seq. 

Double infection, theory of, 183 
Bryan ocfopetalan ecotypes of, 91 

Ecophenes, 86, 87 
Ecospecies, 86 
Ecotype, 78 
Ectoearpales, 100 

Ectoearpus Padime, life-history of, 196 
E. silieutmis, life-history of, 193 
Embryospore, 201 
Entophlyctin helitmmrphaf life-history of, 
127 ei seq. , . ' ' ' 

Eonperinaiopterin erianuH^ OccuiTence 
and description of, 43, 44 
E. oceiiiTence and description 

of, 43, 44 ' ‘ ■ 

Epimediwn, carpel polymorphism of, 
24 ' ■ ■ . , ■ ■' ■■ 

/•JpipofifMtii, distribution of mycorrhiza 
in roots of, 163 

Equisetites, presence of in Mesozoic, 63 
Eria, 53 

Ericaceae, mycorrhiza of, 170 et seq: 

carpel polymoip>hism of, 21 
Eryngium ebracteatum, structure of 
' .leaf,' 10 

E* pundmiifoUum, structure of leaf, 10 
Eschscfmitxia, carpel polymorphism of, 

' 25 ', ■ ' ' ■ 

Enietiix tenelhis, vector of beet 
curly-top, 248 

Fariuosee, 11 

Perns, Leptosporangiate, 7 


INDEX 

Fesfum mdmt , sub-sp.' ' eit-ornm "var. ' 

. ' viviparous types of, 87. 

Piiicales, 7 
Flora, .Dr^as, 90 '■ 

GiganiopteriSf 52, 56, 59,4)2 
GiossopteriSf 52, 62, .72' 

Jurassic, 63 

Kuanezk, 55, 62 , . 

Mesozoic, aspects of, 63 
Ploridese, abnormalities in production 
of reproductive organs in, 223 
alternation of generations in, 223 
devcdopment of spermatiiim of, 213 
homologies of antheridium of, 214 
male organs of, 211 
Frcrgan’o' alpincE, mutation in, 76 
F. vesea, genotypical composition of, 92 
FriiiUaria Imperialis. carpel 

polymorphism of, 20, 21, 27, 28, 20 

F, MeteagriSf carpel polymorphism of, 
19,27,28,30' ■ 

Fucales, alternation of generations in, 
208 

j Fneus serratuBj as host of PykiieHUf 
I 191 

i F, veseicultmis. ilS liost of Pylaiellai 191 
I Fumariaceee, 24 

I GaleopsiH Ladanunif, cytology and 
genetics of, 104 et seq. 
polymorphism of, 104. 

G. Tvirahit, cytology and genetics of, 
104 (:t seq. 

Galera feuerri, f. bispara, heterothallism 
in, 153 , , 

Gangamopteris, distril>ution of, 55 
Gastroditt elata, mycorrhiza of, 169 
G. sesamoides, mycorrhiza of, 170 
Gene, 76 
Genecology, 77 
Genophenes, 86, 87 
Genotype, 76 
Geo-ecotype, 90 

Gerammn, carpel polymorphism of, 21 
G. sihmticmn, genotypl.ca.! composition 
of, 92' ■ 

Gettm rimlef genotypical composition 
■of, 92 

GiganiapteriSy fronds of, 60, 61 
occurrence in Asia of, 60 
in North America of, 60 
Gleiehenia pecHnatay stelar 
construction of, 7 

Gtomerella cingitlaiaf heterothallism 
in, 145 
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Gnetales, 71 

Onetopsis, possible relation to 
Caytoniales of, 70 
Gondwanaiand, 53, 55, 72 
Goodyem proseraf mycorrhiza of, 159 ■ 
Gosio reaction, 143 

aracilaria, taxonomic x^osition of, 231 
G. compressa, life-history of, 230 
G. eonfervoides, life-history of, 230 
G. mitltipariifa, life-history of, 230 
Gristhorpia, arrangement of carpels of, 
06 

G. mthorsti, megasporophylls of, 05 
Gmmera, size and form in, 8 

Habenaria, distribution of mycorrhiza 
in roots of, 163 

M<ematoxulonf carpel polymorphism 
of, 31, 32 

cmnpechianum , carpel 
polymorphism of, 20 
Balidry‘'s siliquosa^ as host of 
Sphacelaria, 190 
HaliseriSf tetras pores of, 206 
Haplobiontse, 222 

Harvey ella rnirabilis, life -history of, 
225 ei seq. 

H. {Holmsella) pachyderma^ life-history 
of, 225 ei seq. 

Hedera helix ^ bud scales of, 10 
HeloMese, 11 

Helvetia erispa, brachymeiosis in, 134 
Hemerocallis, leaf structure of, 13 
Hemiangiospermse, 71 
Hepaticfie, 48 

Hepaticites^ fossil I’emains of, 48 
H. Eidstonif description of, 48 
H. Langif description of, 51 
H. lobaim^ description of, 48 
H. MetzgerioideSf description of, 51 
If. description of, 51 
HeterothalHsm, nutritive theory of, 156 
Hiemeium umbellatum. types of, 

'■ , S4 ei seq. 

Hippeastrum equesiref X- bodies present 
in mosaic of, 261 
H. Joliwsom*, mosaic in, 260 
Homosira Banksii, host of Notheia, 208 
Hornea Lignieri, size and form in, 2 
Hostimella^ occurrence and description 
of,Z9 ' ■ ' ' 

Httmaria gramilata. cytology of, 132, 
137 

heterothallism in, 146, 156 


rii«iaw«, brachymeiosis in, 134 
fusion of vegetative nuclei in, 132 
Hmmemmmia, carpel polymorphism 
of, 25 

Hypholoma capnaidcHf heterothallism 
in, 151 

H. faseieulare, heterothallism in, 151 

Iridacese, 13, 14 

Juncacese, 15 

Juncaginacese, 21 

Juncus effustts, leaf structure of, 15 

J. maritimus, leaf structure of, 15 

Jungermanniales, Anaerogenous, 48 

Jmiiperus, mycorrhiza of, 160 

Lachnea stercorea, brachymeiosis in, 
134 

Lmlia, germination of seeds in absence 
of fungus, 166 
Laminariacese, 199 

Laminaria digitata, gametophyte of, 
201 

L. fiexicauHSf gametophyte of, 201 
i. religiosa, gametophyte of, 203, 204 
L. saccharinaf gametophyte of, 201 
Laminariales, 199' 

Leaf-roll, insect vectors of, 245 
physiology of, 267 et 
symptoms of, 235 
Leguminosae, 31, 159 
Lepidodendron, presence in 
Gondwanaland of, 55 
p^hsence in Kusnezk of, 55 
Leptomitaceae, 130 
Leptomitales, 130, 131 
Xifirnicra June*’, protomitosis in, 112 
Liliaceae, 27 
Lilifloraa, 11 

Mliutn Martagon, carpel polymorphism 
of, 27, 30 

Loiseleuria procumbens, ecotypes of, 91 
Xoiium perenne, mycorrhiza in, 175 
variability of, 97 
L, temulentum, mycorrhiza in, 175 
Lunaria annua, carpel polymorphism 
of, 23, 24 

ZunutoWa, mycorrhiza of, 177 
Lasula, structure of leaf of, 15 
Lycopodium alpinum, size and forin 
in, 6 

L. densum, size and form in, 6 
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L* seurmsum^ var. -htHsiaei^ .size and i 
form in, 5, <) | 

L , mtH bile , s i ze a i id for n i i n , t > j 

tifeostmbm, pre.sence in Mesozoic of, i 

03 j 

Lysimuehia mmimuUirm^ shade tvpe 1 

of, 71i ^ ‘"I 

L, rulgaris., shade moditieation of, 78 j 

Maeroeystis pyrifem^ gainetopliyte of, | 
203 *■ I 

MaeroHiphon gei^ vector of potato j 
mosaic, 251 ■ I 

M, solanifoiu^ vector of spinach bliiiht, j 

247 “ I 

Manolov’s reagent, 143 | 

Marattiacese, 7 j 

Mm'ehnntia, mycorrhiza of, 177, 178 ! 

Matthiola^ carpel polymorph i.sin of, 22 | 

Microspermse, 11 
Monohlepharidales, 131 
MonobU^pharis, sperm of, 130 
Monoiropa Jlf/popHf/s^ mvtau'rhiza of, 
160, 172, 173 

5/. unifiaru, inyeorrhiza of, 173 
Morplioplasy, 9 

Mosaic, eucnmiier, range of liost of, 244 
Mucorales, 142 

Mtieof genei'ensis, heterothalli.sm in, 
144 

Mnsci, fossil evidence for, 52 
Mycetozoa, 113, 116 d seq. 

Mycorrhiza, eetotrophie, 161 
endotrophie, 161 
orchid, nature of fungus in, 165 
physiology of, 181 d seq. 
tree, 178" -* ■ 

Myzus eircumflexus, vector of 
leaf-roll, 245, 246 

M, persicwi vector of cucumber mosaic, 
247 

of leaf-roll, 245 ef seq. 
of potato mosaic, 251 

Xaucoria semiorbiculuris, f. bispora^ 
hcterothaliisni in, 153 
Nemalionales, 220 

Memalion multifidunif life-historv of, 
221, 222 

Neottia nidus avis., luycorrhiza of, 
160, 161 

MeuropteHs, presence in Kusnezk flora 
of, 55 

Nenrospora sHophila, lieterothallism 
in, 146 


.N. leirasperma. lu't ei-othaili.sin in, 14 ^} 
^(Bgg*^rathmpsis, diKtribution of, 55 
h'atheia miomala, life-bistory of, 208 

thimdogloHsumy germination of seeds 
of, 162 

distribution of mveorrhiza in roots 
of, 163 

Oenothera Lamarekimm^ mutations in, 70 
Olpidium radicate ^ life-bistory of, 127 f 
Oomyoetes, 130 
heterothallism in, 142, 145 
Ophioglossacese, 7 
Opimfitti cotyledon of, 17 
Orcheomyeesf endophyte of orchid 
mycorrhiza, 165 

Orchid seeds, germination of, in 
absence of fungus, 166 
OrcliidacesB, mycorrhiza of, 161 et seq. 
Orchis Morio, mycorrhiza of, 160 
Oreomyrrhis linearis., foliage leaf of 
11 ■ " 
Osmundaceae, 7, 8 
Oxalis bupleurifolia,, phydiode of, 11 
Oxyria digyna„ ectflypes of, 91 

Padina IViromVi, tetraspore formation ? 
in, 206 

structure of, 48 

Palaeopitys Miileri„ relation of, to ? 

Cailixylon, 47 | 

Palaeozoic, a-spec4.s of flo:m of, 38 1 

Palmse, 13 

P«iuf<i#it4«, strut ■roots, of, 1 | 

Papaveracese, 24 | 

Papilionatse, 20 k 

Para-crinkle, carried by potato (var. 
King Edward), 256 : 

symptoms of, 257 

ParasUella simpleXf heterothallism in, • 
143 L 

Pecopteris anihriscifoHaf presence in 
Kusnezk flora of, 62 
Pedicularis sceptrum curolimimf 
distribution of, 89 

Peel-method, preparation of fossil slides • 
by, 36 

Pelargonium, carpel polymorphism of, 

21 

PeMia epipkylla,mycordiha of, 177, 178 
Penieillium luteumf lietcrotliallism in, 

■ 146 ■ I 

Peronosporales, 131 | 

PetaHites riiljMiirk, ■ infloreseence foliages 
of, 10 
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Peziza i^esieulosaf fusion of luiolei in 
asciis of, 131 

Phiseopliyeese* Gable type, 187 
classification of, 189 
corticated type, 188 
ectoearpoid forms, 187 
function of Iiairs of, 188 
improved parencliymatous type, 
188 

inultiseptate cable type, 187 
parencliyniatous type, 188 
somatic organisation of, 186 et seq. 
Phalwnopsis, germination of seeds of, 
162 

Phenotype, 76, 87 

Phleum alpimimf distribution of, 99 
liybridisation experiments in, 101, 
‘ 102, 103, 104 

P. pratense, distribution of, 99 
ecospecies of, 104 
ecotypes of, 104 

hybridisation experiments in, 101, 
102, 103, 104 
induced vivipary in, 88 
va|‘iability in, 97 

Phcenix dactylifera, solid tips of, 13 
Phoma^ fixation of nitrogen by, 182 
Phycomyces nitensj heterothallism in, 
143 

Phycomycetes, 124 
Phyllitis fascia^ life-history of, 198 
Phyllode theory of monocotyiedonous 
leaf, 10 

Physalis, effect of cucumber mosaic on, 
241 

Phytophthora Arecm, development of 
oospores in, 145 
P,faberi, heterothallism in, 145 
P, Meadiif development of oospores in, 
145 

Picea abies, myeorrhiza of, 179 
Pilogella, apomixis in, 88 
Pinus sylmsMs, myeorrhiza of, 160, 
179 

Pityeee, 46 

Plmitago maritima, distribution of, 
93, 94 

Plant viruses, setiology of, 259 
carriers of, 255 et seq, 
number of, 241, 242 
physiology of, 266 
properties of, 238 et seq. 
specific nature of, 241, 242, 243 
symptoms of, 234 et seq. 
transmission of, 243 et seq. 


Plasunodiophora hramiciP^ f ife-li istor y 
of, 112 ei seq. 

Plasmodiophorales, 112 
Platysiigma, carpel polvmorphism of, 
25 ■ *' 

Pleumge anserina, heterothallism in, 
146 

Pleuromeia, presence in Mesozoic of, 
63 

Poa alpmaf distribution of, 89 
ecotypes of, 89, 91 

Polygonimn amphihium , modifications 
by cultural conditions of, 78 
P. rimparmn, distribution of, 89 
Polysiphonia molaeca, cytologl? of, 
223 ' 

Porphyva feiiera, germination of 
carpospores of, 216 
life-history of, 216, 217 
Porphyridimn eruentum , life-history 
of, 218, 219, 220 
Potamogetonacese, 11 
Potato mosaic, x and y components of, 
258 

Primulacese, 19 

ProUiblechnmn., presence in North 
America of, 60 
Protomitosis, 112 

Psaronius, presence in Gondwanaland 
of, 55 

Psilophytales, 2, 41 

Psilophyton princeps, occurrence of, 
40 

Psiloium triquetrum, size and form in, 3 
PsygmophyUum,'pYesenQe in 
Gondwanatand of, 55 
Puccinia graminis, heterothallism in, 
154 

P. Helianthif heterothallism in, 153 
P, sorghi, heterothallism in, 155 
Pustularia bolarioides, cytology of ascilS 
of, 135 

PylaieUa littoralis, life-liistory of, 191 
Pyrolacese, 172, 173 
Pyrola elHptica, myeorrhiza in, 172 
P. roewwIi/oKo, myeorrhiza in, 172, J73 
J*. unift&ra, myeorrhiza in, 173 
Pyronema eonfluetw, cytolog3?' of, 132 
et seq. 

P. domesticuni, c^doiogy of, 136, 137 


Ranuncuiaceas, 21 

Raspberry curl, movement of virus in, 
274 
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ulpiHtt, S7 

JieUmimrim LffiitpenPm, life-liisf orv of, 
, ■■ "■ ■ 

Rhizidiiacefe, 127 

Mhiz^etmiia, endophyte of oreiiirj 
inyeorrhiza, 105 

jUhtzupmnigrimns, heterothallism in, ] 4:i 
mp/nki atvptme rmtgham, size aihJ 
lorm in, 2 

Aeerinum, lifediistoiy of, |;h> 

Sneeiwrhfi, gainetopiiyte of, 201 
taxonomic position of, 205 
Sugenapferis, possible leaves of 
t'aytouiales, 72 

Salix cuprea, hybridisation of, 107 
S. HminaUfi, hybridisation of, 107 

spike disease in, 

, 2o> 

Snporieea. pi'esenee in Asia of, 60 

occurrence in North America of, 60 
of zoospores in, 

Saprolegniales, 131 
Sehiztmeura, distribution of, 55 
^ piesence of, in Alesozoic, 63 
^ehizophyliitm mmmttne, heterothal lisin 
in, 149, 150 

fiehizopodmm Davkli^ Occurrence and 
description of, 40 ct 
Schmitt, life-history of, 220 
Scmpiums, carpel polynumphism of, 3'> 
Scytosiphonacese, 198 
Seclusion type, 90 
Shansi, flora of, 56 
Shihchienfeng beds, 56 
Shihhotse beds, 56 

Sigmarki, presence in Gondwanaland 
of, 55 

Similarity, principle of, 2, 8 
Siphonaceae, 9 
Size and form in plants, 1 
Soianum nigrum, curviev of potato 
mosaic, 250 

S, nodiflorum, behaviour of N-bodies 
in, 262 et seq. 

Solenostele, 7 

Species, Lininean, 75, 76 

Sphacelariu hipumata^lihAiisiory of 196 

Sphacelariales, 196 

SphflBriales, 136 

^P^^rotheea llumuii, development of, 

Sphenophyllum, presence in 
Gondwanaland of, 55 


S. fwvs,,.„,,-..in,S],il,lH,fsebed8of, 

.s. Tho,^ ,,,c.s..nee in .Shilibotsc be* of, 

shihhote 

Spirmt idmarm, genotypical 
c»)inposition of, 92 ‘ 

Spor^o,li„ia sexual reaction of, 

Siwrogo^ Chapmani, distrilmtion of 

sporangiiini of, 39, 40 

f. m/noi*, oeeiirrenee of, 40 
s, eJtttberanH, distribution of, 47 ' 
fructification of, 40 
SpyridiacesB, 231 

Hfe-history of, 
of presence in Shihhotse 

*^197”"*“" 1‘fe-history of, 

sWfsa j)ratei,sis, dwarf form of, 79 
f. tiana, dwarf form, 79, 80 
Surface of Pi'csentation, H • 

.%HccpAnJa«#rm>i . 46 sMi«, heterothnllisni 

in, 143 

Ta^optcriH nmlUnercis, presence in/ 
Mubhotse bods of, 57 
Tiionia, tetraspoi'es of, 206 
Technique, palmobotanical, 33 
Tethys tSca, 53 
Thiiiff, mycorrhiza of, 160 

Tobacco mosaic, properties of, 239 
Tmchycarpus, structure of sheathinjr 
base of, 13 , , , ' 

Treubiu insignis, lobing of w ing in, 51 
, btfgotemis, structuixr' of 

01, 15 

Tricholmna fktmbrmmmm, assoeiatiuu 

ot with the mycorrhiza, 180 

Triglochin murifimmn, lesd structure 
of, 11 

T.^palmtre, carpel polymorphism of, 

T. proeertmi, leaf ■structure of, 11 
Trophoeyte, 231 

P<5^yoiorphisrii 

Ulvaeeee, 9 
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